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Title: COMPOUNDS INHIBITING CYCLIC NUCLEOTIDE PHO SPHODIESTERASES " 
PREPARATION AND USES THEREOF rnu&KMUUIb&TERASES, 

t?d^ re 'f teS '? n ° Ve ' 2 > benz °diazepine derivatives and uses of the same in the 

field of therapy The invention also concerns methods for preparing the same and novel svXsis 
intermediates. The compounds of the invention correspond more particularly to GenlS^ff(^ 



R 5\/s R 4 




(I) 
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Cyclic nucleotide phosphodiesterases inhibiting compounds, preparation and 

uses 

The invention relates novel derivatives of the 2,3-benzodiazepine type and 
applications for the same in field of therapy. It also relates processes for preparation of the 
same and novel synthesis intermediates. 



The compounds for which synthesis is described in the present invention are novel 
and have highly advantageous pharmacological properties: they inhibit cyclic nucleotide 
phosphodiesterases and particularly Type IV AMPc-phosphodiesterase (PDE4) and 
thus have highly advantageous therapeutic applications. 

The functions of the most tissues are modulated by endogenous substances 
(hormones, transmitters, etc) or exogenous substances. The biological effects of some of 
these substances are transmitted at the intracellular level by enzymatic effectors such as 
adenylate cyclase or guanylate cyclase. Stimulation of these enzymes results in an 
increase in levels of intracellular cyclic AMP (AMPc) or cyclic GMP (GMPc) which are 
second messengers involved in the regulation of many cellular activities These cyclic 
nucleotides are degraded by a family of enzymes, the phosphodiesterases (PDEs) 
which are divided into at least 7 groups. One of these is PDE4, which is present in many 
tissues (heart, brain, vascular or tracheo-bronchial smooth muscle, etc ) and SDecificallv 
hydrolizes cyclic AMP. 

By slowing down the degradation of cyclic AMP, PDE4 inhibiters increase or maintain 
AMPc levels in cells, and are notably used in the treatment of inflammatory diseases or 
tracheo-bronchial smooth musculature pathologies, by combining an anti-inflammatory 
effect with smooth muscle relaxation. 

The applicant has now demonstrated that certain 2,3-benzodiazepines or 
benzodiazepin-4-ones are effective as cyclic nucleotide phosphodiesterases inhibitors 
and in particular PDE4 inhibiters. The invention also describes novel compounds having 
a potent PDE4 inhibiting activity, and preferably having an excellent selectivity profile with 
regard to the other PDE isomers, and in particular having a weak action on PDE3 
Moreover, the preferred compounds according to the invention have antiinflammatory 
properties and/or significant central [nervous system] effects (anticonvulsive anxiolytic 
sedative, antidepressant), and are advantageously free of hypotensive or emetic effects' 

More particularly, the invention has as its object compounds represented by general 
formula (I) or (I') 



R 5>\ y R 5 




Rs^A- O 



(I) 




wherein: 



r \ n V gr0UPl (C3 ~ Ce) c y cloalkvl 9 rou P. (C 6 -C 18 ) aryl group, (C 6 - 

C 18 )aryl(C,-C 4 )alkyl group, (d-CeJalkyKCe-C^aryl group, or (C 5 -C 18 ) heteroaryl 
group having 1 to 3 heteroatoms, or a OR 2 , SR 2 or NR 2 R 3 group wherein: (i) R 2 and R 3 
independently of each other, are chosen from a hydrogen atom a (C,-C 6 ) alky! 
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group, (C 3 -C 6 )cycloalkyl(C 6 -C 12 )aryl group, or (C 5 C 12 ) heteroaryl group having 1 to 3 
heteroatoms; or (ii) R 2 and R 3 together form a straight or branched hydrocarbon chain 
having 2 to 6 carbon atoms, optionally comprising one or more double bonds and/or 
optionally being interrupted by a nitrogen, sulfur or oxygen atom; 

- R 4 is a halogen atom or a (C,-C 6 ) alkyl, (C 2 -C 6 ) alkenyl, (C 2 C 6 ) alkynyl or phenyl 
group or an OR 2 , SR 2 or NR 2 R 3 group wherein R 2 and R 3 are as defined above; 

- R 5 and R 5 ', independently of each other, are chosen from a hydrogen atom, a 
(d-C 6 ) alkyl group, a. phenyl group, substitued phenyl group or substituted or 
unsubstituted (CVCe) alkylphenyl group or, R 5 and R 5 ' together form a straight or 
branched hydrocarbon chain having 2 to 6 carbon atoms, optionally comprising one 
or more double bonds and/or optionally interrupted by an oxygen sulfur or nitrogen 
atom; t 

- R 7 and R 8 , independently one of the other, are selected from a hydrogen atom and 
an OR 2 , R 2 group being as defined above, 

the alkyl, cycloalkyl, aryl, heteroaryl, alkenyl and alkynyl groups and the hydrocarbon 
chain defined above optionally being substituted by one or more substituents, which may 
be the same or different, and are preferably selected from a halogen atom, an OH =0 
N0 2 , NH 2 , CN, COOH, or CF 3 group, a (C,-C 6 ) alkoxy group or an' NHCOR 2 or 
CONR 2 R 3 group, wherein and R 2 and R 3 are as defined above, 

for the preparation of a pharmaceutical composition intended for the inhibition of a 
cyclic nucleotide phosphodiesterase, and in particular phosphodiesterase 4 (PDE4) 
More specifically, the invention relates to the use of the foregoing compounds for the 
treatment of pathologies involving deregulation of intracellular cyclic AMP levels. 

The invention is also directed to novel compounds according to General Formula (I) or 
(I') such as defined below. 

The invention also relates to pharmaceutical compositions comprising one or more 
compounds such as defined above and a pharmaceutically acceptable vehicle or an 
excipient. 

According to the invention, the term "alkyl" indicates a straight or branched 
hydrocarbon radical advantageously having from 1 to 6 carbon atoms, such as methyl 
ethyl, propyl, isopropyl, butyl, isobutyl, fe/r-butyl, pentyl, neopentyl, or n-hexyl. C r C 4 
groups are preferred. The alkyl groups may be substituted by an aryl group such as 
defined hereinafter, in which case it is referred to as an arylalkyl group. Examples of 
arylalkyl groups are, in particular, benzyl and phenethyl. 

The term "cycloalkyl" indicates a cyclic hydrocarbon system, which may 
advantageously comprise 3 to 6 carbon atoms and be mono- or poly-cyclic. Particular 
examples include cyclopropyl and cyclohexyl groups. "Aryl" groups are mono-, bi- or 
tri-cyclic aromatic hydrocarbon systems, and preferably monocyclic or bicyclic aromatic 
hydrocarbons comprising from 6 to 18 carbon atoms, and more preferably 6 carbon 
atoms. Examples include phenyl, naphthyl and biphenyl groups. 

"Heteroaryl" groups indicate hydrocarbon systems, which may or may not be aromatic 
comprising one or more cyclic heteroatoms. These are preferably cyclic aromatic 
hydrocarbon systems comprising from 5 to 18 carbon atoms and one or more cyclic 
heteroatoms, and in particular from 1 to 4 cyclic heteroatoms chosen from ISI, O or S 
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Preferred heteroaryls include in particular benzothienyl, benzofuryl, pyrrolidinyl 
morpholino, thiazolyl, thienyl, furyl, pyranyl, pyrrolyl,2H-pyrrolyl,' imidazolyl' 
benzymidazolyl, pyrazolyl, isothiazolyl, isoxazolyl et indolyl groups. 

The aryl and heteroaryl groups can be substituted by an alkyl, alkenyl or alkynyl group 
such as defined above. In this case, an aryl or a heteroaryl substituted by an alkyl group 
is called an alkylaryl. Particular examples of alkylaryl groups are tolyl, methyl and xylyl In 
this case, an aryl or a heteroaryl substituted by an alkenyl group is called an alkenylaryl 
Particular examples of alkenylaryl groups are cinnamyl groups. In this case an aryl or a 
heteroaryl substituted by an alkynyl is called an alkynylaryl group. 

"Alkenyl" groups are straight or branched hydrocarbon radicals comprising one or 
more double bonds. They advantageously comprise from 2 to 6 carbon atoms and 
preferably, 1 or 2 double bonds. The alkenyl groups can be substituted by an aryl group 
such as defined above, in which case this is called a arylalkenyl group. 

"Alkynyl" groups are straight or branched hydrocarbon radicals comprising one or 
more triple-bonds. They advantageously comprise from 2 to 6 carbon atoms and 
preferably. 1 or 2 double bonds. The alkynyl groups can be substituted by an aryl group 
such as defined above, in which case this is called an arylalkynyl group. 

"Alkoxy" groups correspond to the alkyl and cycloalkyl groups defined above linked to 
the nucleus by way of an -O- (ether) bond. Methoxy and ethoxy groups are especially 
preferred. 7 

"Halogen" means an iodine, bromine, chlorine or fluorine atom. 

"Heteroatom" means an atom chosen from O, N and S. 

More particularly, the invention is directed to compounds of General Formula (I) or (I') 
such as defined above in which FL,, R 5 , R 5 ., R 7 and R 8 are as defined above and is a 
(d-Ce) alkyl group, (C 3 -C 6 ) cycloalkyl group, (CVCeJalkyKCe-C^aryl group or (C 5 -C 18 ) 
heteroaryl group comprising 1 to 3 heteroatoms, or an OR 2 , SR 2 or NR 2 R 3 group 
wherein: (i) R 2 et R 3 , independently of each other, are chosen from a (CVCe) alkyl group 
a (C 3 -C 6 )cycloalkyl(C 6 -C 12 )aryl group, or a (C 5 -C 12 ) heteroaryl group having 1 to 3 
heteroatoms; or (ii) R 2 et R 3 together form a straight or branched hydrocarbon chain of 2 
to 6 carbon atoms, optionally comprising one or more double bonds and/or optionally 
being interrupted by a nitrogen,' sulfur or oxygen atom. 

Thus, the invention is more particularly directed to compounds of General Formula (I) 
or (I') such as defined above, in which R 1f R 4 , R 5l R 5 . R 7 and R 8 are such as defined above 
excluding compounds wherein: 

- Ri represents the group 3,4-dimethoxyphenyl, R 4 represents methyl, R 5 
represents ethyl, R 5 ' represents hydrogen and R 7 and R 8 represent 
methoxy; 

- Ri represents the group 4-aminophenyl, R 4 represents methyl, R 5 and 
R 5 ' represent hydrogen and R 7 and R 8 represent methoxy; 

- Ri represents the group 3-chlorophenyl, R 4 represents methyl, R 5 and R 5 ' 
represent hydrogen and R 7 and R 8 represent methoxy 

The invention is also directed to compounds of General Formula (I) or (I') such as 
defined above, excluding compounds of Formula (I) wherein R 5 represents a substituted 
(d-Ce) alkyl or phenyl radical and R 5 represents a hydrogen atom, and excluding 
compounds according to Formula (I) wherein R 5 and R 5 ' simultaneously represent a 
hydrogen atom, in particular wherein R 7 and R 8 represent a methoxy group and R, 
represents a diethoxyphenyl group or 3-chlorophenyl. 

The invention is also directed to compounds according to General Formula (I) wherein 
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Ri, R4, R5, Rss R7 and R 8 are as defined above, provided R4 does not represent methyl. 

The invention is also directed to compounds of General Formula (I) wherein R lt R 5 , 
R 5 \ R 7 and R 8 are as defined above and R4 is an halogen atom a (C 2 -C 6 ) alkenyl, (C 2 -C 6 ) 
alkynyl or phenyl group or an OR 2 , SR 2 or NR 2 R 3 group wherein R 2 and R 3 are as defined 
above. 

The invention is moreover directed to compounds according to General Formula (I) or 
(!') wherein R 4l R 5 , R 5 \ R7 and R 8 are as defined above and R 1 is: (i) a (C r C 6 ) alkyl 
group, (C 3 -C 6 ) cycloalkyl group or (C 5 -C 12 ) heteroaryl group comprising 1 to 3 
heteroatoms; or (ii) an OR 2 , SR 2 or NR 2 R 3 group wherein R 2 and R 3 are as defined 
above. 

Preferred are compounds of General Formula (I) above wherein R 4 is selected from 
an halogen atom and preferably chlorine, a (C 2 -C 6 ) alkynyl group, and a NR 2 R 3 group 
wherein: (i) R 2 and R 3 , independently of each other, are selected from a hydrogen atom, 
a (Ci-Ce) alkyl or (d-C 6 ) hydroxyalkyl group; or (ii) R 2 and R 3 together form a chain with 
the formula -(CH 2 ) m (0) n -(CH 2 ) 2 - wherein m is an integer from 2 to 3 and n is equal to 0 or 
1. 

In a particular mode of embodiment of the invention, R 4 represents the NR 2 R 3 group 
wherein: (i) R 2 represents a hydrogen atom and R 3 is selected from a (Ci-C 6 ) alkyl group 
and a (C r C 6 ) hydroxyalkyl group; or (ii) R 2 and R 3 together form a chain with the formula 
-(CH 2 ) m (0) n -(CH 2 ) 2 -, wherein m is an integer from 2 to 3, preferably equal to 2, and n is 
equal to 0 or 1. A particular group comprises compounds wherein R 4 represents the 
NR 2 R 3 group, R 2 and R 3 each representing a (CrC 6 ) alkyl group. 

In a particular mode of embodiment of the invention, the compounds of Formula (I') 
are as defined above and Ri is a substituted phenyl group or an optionally substituted 
naphtyl group. 

According to another mode of embodiment of the invention, the compounds of 
General Formula (I) or (| f ) are as defined above and R, is a (C 6 -C 18 ) aryl group, and 
preferably an unsubstituted phenyl group. 

Another preferred group includes the compounds of General Formula (I) or (P) as 
defined above, wherein R, is a heteroaryl group, which may or may not be substituted. 
Such compounds present a particularly marked phosphodiesterase inhibiting action. 

Another particularly preferred group is constituted by the compounds of General 
Formula (I) or (I') as defined above, wherein R 7 and R 8 represent an ethoxy group, with 
the exception of the compound 1-(2-chlorophenyl)-4-methyl-7,8-diethoxy-5H 
2,3-benzodiazepine. As shown in the examples, such compounds present a particularly 
marked phosphodiesterase inhibiting action. 

Within this framework, the preferred compounds of Formula (I) are those for which of 
Formula (I) [sic] wherein R 4 and R 5 represent a hydrogen atom or a (C r C 6 ) alkyl radical, 
R 4 and R 5 not simultaneously being an hydrogen atom, and R 5 advantageously 
representing a (C r C 6 ) alkyl radical. 

Particular compounds are the compounds of General Formula (I) wherein R, is an 
unsubstituted phenyl group, R 4 is a halogen, a (C 2 -C 6 ) alkyl group or a (C 2 -C 6 ) alkynyl 
group, or an NR 2 R 3 group wherein: (i) R 2 and R 3 , independently of each other, are 
selected from a hydrogen atom or a (C^Ce) alkyl group; or (ii) R 2 and R 3 together form a 
(CH 2 ) n group, n being a whole number between 3 and 6 inclusively, or a (CH 2 ) 2 0(CH 2 ) 2 
group, R 5 and R 5 ' are [each] a hydrogen atom and R 7 and R 8 [each] represent an OMe 
group. 

Other particularly advantageous compounds are compounds of General Formula (I) 
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or ((') wherein R A is a heteroaryl group, R 7 and R 8 [each] represent an ethoxy group, and 
R 4 , R 5 and R' 5 [sic] are as defined above. Preferably, R 4 is a (C r C 3 ) alkyl group, R 5 is a 
hydrogen atom or a ((VC3) alkyl group, and R 5 ' is a hydrogen atom. 

In general, the compounds of Formula (I) or (I') presenting the best activities are those 
wherein: 

- R1 is a substituted phenyl group (in particular 4-chlorophenyl, 
fluorophenyl, bromophenyl, hydroxyphenyl or methoxyphenyl), 
2-benzo[b]thienyl, 4-(2-furyl)phenyl, 2-naphtyl, 4-biphenyl, cinnamyl, and/or 

- R 4 is a (C^Ce) alkyl or (C 2 -C 6 ) alkynyl group, or a SH or OH group, in 
particular (CVC3) alkyl group, and especially methyl or ethyl; and/or 

- R 5 and R 5 ' are [each] a hydrogen atom and/or 

- R 5 is a (d-C 3 ) alkyl group, in particular ethyl or propyl, and R 5 ' is a 
hydrogen atom, and/or 

- R 7 and R 8 [each] represent a methoxy or ethoxy group, and preferably 
an ethoxy group. 

Particularly preferred compounds are as follows: 
-Tofisopam, Girisopam, Nerisopam, 

-y.S-dimethoxy-l^-naphthyO-S.S-dihydro^H^^-benzodiazepin^-one, 

-1-(4-chlorophenyl)-7,8-dimethoxy-3,5-dihydro-4/-/-2,3-benzodiazepin-4-one, 

-7,8-dimethbxy-1-[(4--phenyl)phenyl]-3,5-dihydro-4H--2,3-benzodiazepin-4-one, 

-1-(5-chloro-2-naphtyl)-7,8-dimethoxy-3,5-dihydro-4/-/-2,3-benzodiazepin^4-one, 

-1-(2-benzotb]thienyl)-7;8-dimethoxy-3,5-dihydro-4/-/-2,3-benzodiazepin-4-one, 

-1-(3-chlorophenyl)-7,8-diethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one, 

-^(benzo^thienyO^.S-diethoxy-S-ethyl-S.S-dihydro^H^.S-benzodiazepin^one, 

-7,8-dimethoxy-1-[(3-phenyl)phenyl]-3,5-dihydro-4H-2,3-benzodiazepin-4-one, 

-1-(benzo[b]thienyl)-7,8-diethoxy-5-ethyl-4-methyl-5H-2,3-benzodiazepine, 

-1 - (benzo[b]thienyl)-7,8-diethoxy-4-methyl-5W-2,3-benzodiazepine, 

-1-(2-benzo[b]thienyl)-7,8-diethoxy-5-n-propyl-3,5-dihydro^/-/"2,3benzodiazepin-4-o 

ne, 

-1-(cinnamyl)-7,8-diethoxy-5-ethyl-3,5-dihydro-4/-/-2,3-benzodiazepin-4-one, 
-7,8-diethoxy-5-ethyl-1-(2-fluorophenyl)-3,5-dihydro^/-/-2,3-benzodiazepin4one l 
-1-(2-chlorophenyl)-7,8-diethoxy-5~ethyl-3,5-dihydro-4H-2,3-benzodiazepin-4-one, 
-7,8-diethoxy-5-ethyM-(2-hydroxyphe 
one, 

-7,8-diethoxy-5-ethyl-1-(2-methoxyphenyl)-3,5-dihydro-4H-2,3"benzodiazepin-4- 
one, 

-1-(24Denzo[b]thienyl)-7,8-diett^ 
cinnamyl) 

-7,8-diethoxy-5-ethyl-4-methyl-5H-2,3-benzodiazepine 

-7,8-diethoxy-5-ethyl-1-(2-fluorophenyl)-4-methyl-5H-2,3-benzodiazepine 

-1-(2-chlorophenyl)-7,8-diethoxy-5-ethyl-4-methyl-5H-2,3-benzodiazepine 

-7,8-diethoxy-5-ethyl-1-(2-hydroxyphenylH-methyl-5H-2,3-benzodiazepine 

-7,8-diethoxy-5-ethyl-1-(2-methoxyphenyl)-4-methyl-5H-2,3-benzodiazepine 

Others specific compounds according to the invention are the following: 

7,8-dimethoxy-1-phenyl-3,5-dihydro-4H-2 l 3-benzodiazepin-4-one, 
1-(3-chlorophenyl)-7,8-dimethoxy-4-methyl-5H-2,3-benzodiazepine, 
7,8-dimethoxy-4-methylamino-1-phenyl-5/-/-2,3-benzodiazepine, 
7,8-dimethoxy~1-phenyl-4-(pyrrolidin-1-yl)-5H-2,3-benzodiazepine, 
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7,8-dimethoxy-4-(A/,A/-dimethylamino)-1-phenyl-5H-2,3-benzodiazepine, 

7,8-dinriethoxy-1-phenyl-4-N-propylamino-5H-2,3-benzodiazepine, 

7,8-dimethoxy-4-(1-morpholino)-1-phenyl-5H-2,3-benzodiazepine, 

4-(2-hydroxyethylamino)-7,8-dimethoxy-1-phenyl-5H-2,3-benzodiazepine, 

4-chloro-7,8-dimethoxy-1-phenyl-5H-2,3-benzodiazepine, 

7,8-dimethoxy-1-phenyl-4-(prop-1-ynyl)-5H-2,3-benzodiazepine, 

7,8-dimethoxy-1-phenyl-4-N-propyl-5H-2,3-benzodiazepine, 

4-n-butyl-7,8-dimethoxy-1-phenyl-5H-2,3-benzodiazepine, 

4-mercapto-7,8-dimethoxy-1-phenyl-5H-2,3-benzodiazepine l 

7,8-dimethoxy-5-methyl-1-phenyl-3,5-dihydro-4H-2,3-benzodiazepin-4-one, 

4,7,8-trirriethoxy-1-phenyl-5H-2,3-benzodiazepine, 

1-benzyl-3,5-dihydro-7,8-dimethoxy-4H-2,3-benzodiazepin-4-one, 

7,8-dimethoxy-1-(7^methoxy-2-nathtyl[s/c])-3 > 5-dihydro-4H-2,3-benzodiazepin-4one, 
7,8-dimethoxy-4-methyl-1-phenyl-5H-2,3-benzodiazepine, 

1-(4-tert-butylphenyl)-7,8-dimethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one l 

1-(2-benzo[b]thienyl)-7-methoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one, 

1-(3-chloro-2-benzo[b]thienyl)-7,8-dimethoxy-3,5-dihydro-4H-2,3benzodiazepin-4-o 

ne, 

l^-brQmophenyl^.S-dimethoxy-S.S-dihydro^H^.S-benzodiazepin^-one, 

1-(2,4-dichlorophenyl)-7,8-dimethoxy-3 l 5-dihydro-4H-2,3-benzodiazepin-4-one, 

1-(4-iodophenyl)-7,8-dimethoxy-3,5-dihydro-4H-2,3^benzodiazepin-4-one, 

1-(3-chlorophenyl)-7,8-dimethoxy 7 3,5-dihydro-4H-2,3-benzodiazepin-4-one, 

1-(5-chloro-2-benzo[b]furyl)-7,8-dimethoxy-3,5-dihydro-4H-2,3-benzodiazepin4-one I 

and 

1-(4-bromophenyl)-7 l 8-dimethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one. 

The compounds of the invention can be in the form of salts, and in particular acid or 
base addition salts, which are preferably compatible with a pharmaceutical use. Among 
pharmaceutical^ acceptable acids, hydrochloric, hydrobrom.ic, sulphuric, phosphoric, 
acetic, trifluoroacetic, lactic, pyruvic, malonic, succinic, glutaric, fumaric, tartaric, maleici 
citric, ascorbic, methane or ethanesulfonic, and camphoric, acids and the like can be 
cited in a non-limiting manner. Among pharmaceutical^ acceptable bases, sodium 
hydroxide, potassium hydroxide, triethylamine, tert-butylamine and the like can be cited 
in a non-limiting manner. 

The invention is also directed to a composition which comprises a compound such as 
defined above and a pharmaceutical^ acceptable vehicle or excipient. 

The compounds or compositions according to the invention can be administered in 
various manners and in various forms. Thus, they can be injected systemically or orally 
[sic], such as for example intravenously, intramuscularly, subcutaneously, transdermal^, 
intra-arterially, etc., with intravenously, intramuscularly, subcutaneously and orally being 
preferred. For injections, the compounds are generally prepared in the form of liquid 
suspensions, which can be injected by means of syringes or drips, for example. In this 
respect, the compounds are generally dissolved in pharmaceutical^ compatible saline, 
physiological, isotonic, buffered solutions, or the like, known to. those skilled in the art! 
Thus, the compositions can contain one or more agents or vehicles chosen from 
dispersants, solubilizers, stabilizer, preservatives, or the like. Agents or vehicles that may 
be used in the liquid and/or injectable formulations include in particular methylcellulose, 
hydroxymethylcellulose, carboxymethylcellulose, polysorbate 80, mannitol, gelatin 
lactose, vegetable oils, acacia, and the like. 

The compounds can also be administered in the form of gels, oils, tablets, 
suppositories, powders, gel-capsules, capsules, or the like, optionaily by way of 
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pharmaceutical formulations or devices allowing extended and/or delayed release. For 
this type of formulation, agents such as cellulose, carbonates or starches are 
advantageously used. It is understood that the rate and/or the injected dose can be 
adapted by those skilled in the art according to the patient, the pathology in question, the 
mode of administration, and the like. Typically, the compounds are administered at 
dosages ranging between 0.1 mg and 100 mg/kg of body weight, more generally from 
0.01 to 10 mg/kg, and typically between 0.1 and 10 mg/kg. Moreover, repeated injections 
can be performed, if necessary. In addition, in the case of chronic treatments, delayed or 
sustained release systems may be advantageous. 

The compounds according to the invention can act on different cyclic nucleotide 
phosphodiesterases, notably PDE4 and PDE2, and can also be active against certain 
sub-types of PDE. Thus, four sub-types of the PDE4 have been identified, referred to as 
PDE4A-D. The compounds of the invention can present particular biological effects 
according to the sub-type PDE4 affected. Thus, the compounds of the invention can be 
(selective) inhibiters of PDE-4A, PDE-4B, PDE-4C and/or PDE4D. Compounds of the 
invention that inhibit PDE-4B are particularly advantageous for the treatment of 
depression or psychiatric disorders, for example. Some compounds of the invention 
present the profile of a PDE2 specific inhibiter and have advantageous therapeutic 
properties for this same reason. 

The PDE4 inhibiter compounds according to the invention are particularly 
advantageous in the treatment of pathologies involving bronchial inflammation and 
relaxation, and more particularly asthma and chronic obstructive pulmonary disease, as 
well as other pathologies such as rhinitis, acute respiratory distress syndrome, allergies, 
skin disorders, such as dermatitis, psoriasis, rheumatoid arthritis, autoimmune diseases! 
various scleroses (an particularly multiple sclerosis), dyskinesias, glomerulonephritis, 
osteoarthritis, septic shock or AIDS. 

The compounds of the invention are also particularly advantageous for the treatment 
of inflammatory pathologies of the central nervous system, such as, more specifically, for 
the treatment of a pathology selected from depression, schizophrenia, bipolar disorder, 
attention deficit disorder, fibromyalgia, epilepsy, Alzheimer's disease, Parkinson's 
disease, amyotrophic lateral sclerosis, multiple sclerosis, Lewy body dementia and 
Crohn's disease. 

A particular object of the invention thus resides in the use of compounds such as 
described hereabove for the preparation of a drug intended for the treatment of disorders 
of the nervous system, in particular the central nervous system, of a chronic or acute 
nature. 

A more particular object resides in use of compounds as herebefore described for the 
preparation of a drug intended for the treatment of inflammatory pathologies of the central 
nervous system (eg. neuroinflammation). 

The invention also relates the use of the compounds as anxiolytic, anti-convulsivant or 
sedative agents, or for the treatment of memory disorders or cognitive disorders. 

The invention also relates the use of the above compounds for the treatment of 
neurodegenerative pathologies. 

In the context of the invention, the term treatment denotes either a preventive or a 
curative treatment, which may be used alone or in combination with other agents or 
treatments. 

Moreover, this can be a treatment for chronic or acute disorders. The present 
invention is also directed to the use of the compounds described as anti-inflammatory 
agents, for example for treating osteoporosis or rheumatoid arthritis. 

The preferred compounds of the invention advantageously have a potent inhibitory 
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action on one or more sub-types of PDE4 and/or an action on PDE2. Moreover, the 
preferred compounds of the invention present an advantageous selectivity profile, and in 
particular a weak activity with respect to PDE3. 

The compounds of the invention can be prepared starting from commercial products, 
by implementing a combination of chemical reactions known to those skilled in the art. ' 

In this respect, according to a first process, the compounds of General Formula (1) 
according to the invention, wherein R 4 is other than chlorine, can be obtained starting 
from a compound of Formula (I) wherein R 4 is a chlorine atom by implementing the 
following methods: 

1 . If R 4 in the formula of the end product is an NR 2 R 3 group, by reaction with an amine 
of formula HNR 2 R 3 , in a protic solvent at ambient temperature. 

Alcohols, and in particular ethanol, can notably be cited as solvents. 

2. If R 4 in the formula of the end product is a (d-C 6 ) alkyl group, by reaction with a 
compound of the formula R 4 Li, in an anhydrous solvent at a temperature of between -80 
and -20°C, and preferably approximately -78°C. 

Ethers, and in particular THF, can be cited as solvents. 

3. lf.R 4 in the formula of the end product is a (C^C 6 ) alkyl group, by reaction with a 
compound of the formula 1-alkenylcatecholborane, in the presence of a palladium 
catalyst, in a solvent of the acetonitrile type, at temperature between 50 and 80°C, or by 
catalytic hydrogenation of compounds where R 4 in the formula of the end product is a 
Ci-Ce alkynyl group, using a poisoned catalyst. 

4. If R 4 in the formula of the end product is a (CVCe) alkyn-1-yl group, by reaction with 
a compound of the formula R 4 H, in the presence of copper iodide, palladium chloride, 
triphenyl phosphine, and a base, such as triethylamine. Acetonitrile can, in particular, be 
used as a solvent; the reaction is preferably carried out at ambient temperature 

5. If R 4 in the formula of the end product is a (C 6 -C 12 ) aryl group, by reaction with a 
compound of the ' formula R 4 B(OH) 2 , potassium phosphate and 
tefra/c/s(triphenylphosphine)Pd(0), at a temperature of between 80 and 120°C, and 
preferably approximately 100°C. 

As a solvent, the use of an aprotic polar solvent, such as DMF is preferred. 

6. If R 4 in the formula of the end product is an OR 2 group, by reaction with an alcohol 
of formula HOR 2 at ambient temperature; [sic] 

- 7. If R 4 in the formula of the end product is an SR 2 group, by reaction with a thiol of the 
formula R 4 SH. As a solvent THF can notably be cited. 

8. Compounds where R 4 in the formula of the end product is an SH group can be 
obtained directly by treating compounds in which R 4 is an OH group with Lawesson's 
reagent. 

Compounds of General Formula (I) wherein R 4 represents a chlorine atom can be 
prepared by reacting a compound of Formula (I 1 ) according to the invention with POCI 3 . 
This reaction is advantageously carried out in an aprotic polar solvent, such as 
chloroform, at a temperature of between 90 and 130°C for a time of between 0.5 and 1 .5 
hours under sealed tube conditions, in the presence of an aromatic amine such as 
dimethylaniline or dimethylaminopyridine. 

The compounds of General Formula (V) according to the invention can be prepared by 
a process which comprises the following steps: 
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a) reacting a compound of General Formula (II) 




wherein R 5 , R 5| R 7 and R 8 are as defined above and R 8 represents a C1-C4 alkyl group, 
preferably methyl, 

with a compound which comprises an acyle group of the formula, R1CO, so as to 
obtain a compound of Formula (III) 




wherein R 1f R 5 , R 5 \ R 7 and R 8 are as defined above; 

b) reacting the compound of Formula (III) with hydrazine so as to obtain a compound 
of Formula (I*), wherein R^ R 5| R 5 \ R 7 and R 8 are as defined above. 

The acylation agent in step a) is preferably an acyl halide, and in particular an acyl 
chloride. 

The reaction is advantageously carried out in the presence of a Lewis acid, such as 
SnCI 4 , in an inert solvent at ambient temperature. As solvents, hydrocarbons and their 
halogen derivatives can be cited, such as CHCI 3 . At the end of the reaction, the product 
obtained is taken up in an alcohol, for example methanol, and the reaction is continued at 
ambient temperature. 

Step b) is advantageously carried out in the presence of hydrazine hydrate, for 
example in an alcohol, at a temperature of between 100 and 150°C preferably 
approximately 150°C under sealed tube conditions for a time of between 3 and 10 hours, 
preferably approximately 3 hours, and continued in an acid, for example acetic acid, with 
reflux, for a period of 20 to 60 minutes. 

The invention is illustrated in the examples which follow, which shall be regarded as 
illustrative and nonrestrictive. 

EXAMPLE 1: SYNTHESIS OF COMPOUNDS OF FORMULA I ACCORDING TO 
THE INVENTION 

1.1 Synthesis of the intermediates of Formula HI 

The following compounds were synthesized: 
2-benzoyl-4,5-dimethoxyphenyl methyl acetate Ilia. 
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4,5-dimethoxy-2-(2-naphthoyl)phenyl methyl acetate II lb. 
2-(4-chlorobenzoyl)-4,5-dimethoxyphenyl methyl acetate lllc. 
2-(3-chlorobenzoyl)-4,5-dimethoxyphenyl methyl acetate llld. 
2-(2-benzoyl-4,5-dimethoxyphenyl) methyl propionate I lie. 
4,5-dimethoxy-2-(1-oxo-2-phenylethyl)phenyl methyl acetate lllf 
[4,5-dimethoxy-2-(4-phenylbenzoyl)phenyl] methyl acetate lllg 
4,5-dimethoxy-2-(7-methoxy-2-naphthoyl)phenyl methyl acetate lllh. 
2-(5-chloro-2-naphthoyl)-4,5-dimethoxyphenyl methyl acetate llli. 
2-(2-benzo[b]thienylcarbonyl)-4,5-dimethoxyphenyl methyl acetate lllj. 
2-(4-tert-butylbenzoyl)-4,5-dimethoxyphenyl methyl acetate lllk. 
2-(2-benzo[b]thienylcarbonyl)-5-methoxyphenyl methyl acetate Mil. 
2-(3-chlorobenzo[b]thienylcarbonyl)-4,5-dimethoxyphenyl methyl acetate lllm. 
2-(4-bromobenzoyl)-4,5-dimethoxyphenyl methyl acetate llln. 
2-(2,4-dichlorobenzoyl)-4,5-dimethoxyphenyl methyl acetate lllo. 
2-(4-iodobenzoylH,5-dimethoxyphenyl methyl acetate lllp. 
2-(3-chlorobenzoyl)-4,5-diethoxyphenyl ethyl acetate II Iq. 
2-(5-chlorobenzo[b]furylcarbonyl)-4,5-dimethoxyphenyl methyl acetate lllr. 
2-[2-(2-benzo[b] thienyl)carbonyl-4,5-diethoxyphenyl] ethyl butyrate Ills. 
2-(3-bromobenzoyl)-4,5-dimethoxyphenyl methyl acetate lilt. 

2-benzoyl-4,5-dimethoxyphenyl methyl acetate Ilia. 

Add 17.4 ml (124 mmoles) of benzoyl chloride dropwise at 0°C to a solution of 13 g 
(61 .8 mmoles) of 3,4-dimethoxyphenyl methyl acetate in 1 50 ml of CHCI 3 . Add 14.5 ml 
(124 mmoles) of tin (IV) chloride to this solution dropwise. Allow to return to ambient 
temperature. After 6 hours at ambient temperature, add 100 ml of absolute MeOH slowly 
and evaporate until dry: Add 400 ml of H 2 0 and extract 3 times with 400 ml of Et 2 0. Dry the 
organic fractions on Na 2 S0 4 . Purify by chromatography on silica (AcOEt 1/Hexane 1). 
Recristallize in EtOH. 16.6 g of colorless crystals are obtained. Yield: 85%The product 
can be isolated or used, directly in the subsequent reactions. 

4,5-dimethoxy-2-(2-naphthoyl)phenyl methyl acetate I lib. 

By replacing the benzoyl chloride with 2-naphthoyl chloride in example Ilia, the title 
product is obtained in same manner. Yield: 53%. 
1 H-NMR: 

(200 MHz, CDCI3) : 8 3,56 (s % 3H, OCH 3 ), 3,78 (s, 3H, 0CH 3 )> 3,86 (s t 2H, 
CH0, 4,00 (s, 3H, OCH 3 ), 6,82 (s, IB Ar), 6,90 (s, IH Ar), 7,54-8,12 (m, 6H 
Ar),8,24(s, lHAr). 

2-(4-chlorobenzoyl)-4,5-dimethoxyphenyl methyl acetate lllc. 

By replacing the benzoyl chloride in example Ilia with 4-chlorobenzoyl chloride, the 
title product is obtained in same manner. 

2-(3-chlorobenzoyl)-4,5-dimethoxy phenyl methyl acetate Illd. 

By replacing the benzoyl chloride in example Ilia with 3-chlorobehzoyl chloride, the 
title product is obtained in same manner. 
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2-(2-benzoyl-4,5-dimethoxyphenyl) methyl propionate llle. 

By replacing 3,4-dimethoxyphenyl methyl acetate in example Ilia the with 
2-(3,4-dimethoxyphenyl) methyl propionate, the title product is obtained in same manner 

4,5-dimethoxy-2-(1-oxo-2-phenylethyl)phenyl methyl acetate lllf. 

By replacing the benzoyl chloride in example Ilia with phenacetyl chloride, the title 
product is obtained in same manner. Yield: 42% 
1 H-NMR: 

(200 MHz, CDCI3) : $ 3,71 (s, 3H, OCH 3 ), 3,724,96 (m, 8H, 2 x OCH 3 + CH 2 ), 
4,26 (s, 2H, CH 2 ), 6,75 (s, 1H Ar), 7,27-7*41 (m, 6H At). 

[4,5-dimethoxy-2-(4-phenylbenzoyl)phenyl] methyl acetate lllg. 

By replacing benzoyl chloride in example Ilia with 4-biphenylcarbonyl chloride, the 
title product is obtained in same manner. 

4,5-dimethoxy-2-(7-methoxy-2-naphthoyl)phenyl methyl acetate III hi. 

By replacing benzoyl chloride in example Ilia with 7-methoxy-2-naphthoyl chloride, 
the title product is obtained in same manner. 

2-(5-chloro-2-naphth6yl)-4,5-dimethoxyphenyl methyl acetate UN. 

By replacing benzoyl chloride in example Ilia with 5-chloro-2-naphthoyl chloride, the 
title product is obtained in same manner. 

2-(2-benzo[b] thienylcarbonyl)-4,5-dimethoxyphenyl methyl acetate lllj. 

By replacing the benzoyl chloride in example rila with 2-benzo[b]thiophene carbonyl 
chloride, the title product is obtained in same manner. Yield: 58% 
1 H-NMR: 

(200 MHz, CDC1 3 ) : $ 3,63 (s, 3H, OCH 3 ), 3,88 (s, 2H, CH 2 ), 

3,91 (s, 3H, OCH^), 4,02 (s, 3H, OCH 3 X 6,92 (s, 1H Ar), 7,26 (s, !H Ar), 7,41- 

7,54 (m, 2H Ar), 7,81 (s, 1 H Ar), 7,88-7,98 (m, 2H Ar). 

2-(4-tert-butylbenzoyl)-4,5-dimethoxy phenyl methyl acetate III K. 

By replacing the benzoylchloride in example Ilia with 4-chloride(fe/t-butyl)benzoyl, 
the title product is obtained in same manner. 



2-(2-benzo[b]thienylcarbonyl)-5-methoxyphenyl methyl acetate Mil. 

By replacing 3,4-dimethoxyphenyl methyl acetate in example lllj with 
3-methoxyphenyl methyl acetate, the title product is obtained in same manner. 
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2 (3-chlorobenzo[b] thienylcarbonyl)-4,5-dimethoxy phenyl methyl acetate Mm. 



By replacing the benzoyl chloride in example Ilia with 2 chloride 
(3-chlorobenzo[b]thiophene)carbonyl, the title product is obtained in same manner. 



2-(4-bromobenzoyl)-4,5-dimethoxyphenyl methyl acetate IHn. 

By replacing the benzoyl chloride in example Ilia with 4-bromobenzoyl chloride, the 
title product is obtained in same manner. 
1 H-NMR: 

(300 MHz* CDC1 3 ) : 5 3,62 (s, 3H, CH 3 ), 3,80 (s, 3H, CH 3 ), 3,85 (s, 2H, 
CH 2 ), 3,97 (s, 3H, CH 3 ), 6,85 (s, IH Ar), 6,90 (s, IE Ar), 7,60-7,69 (rn, AH 
Ar), 

2-(2,4-dichlorobenzoyI)-4,5-dimethoxyphenyl methyl acetate lllo. 

By replacing the benzoyl chloride in example Ilia with 2,4-dichlorobenzoyl chloride, 
the title product is obtained in same manner. Yield: 18%. 
1 H-NMR: 

(300 MHz, CDCI3) : 5 3,7! (s, 3H, CH 3 ), 3,73 & 3H, CH^ 3,97 (s, 3H, 
CH 3 ), 4,00 (s, 2H, CH 2 ), 6,82 (s, IH Ar), 6,85 (s> IB Ar), 7,35-7,38 (m, 2B 
Ar),7,48(s, 1H Ar). 

2-(4-iodobenzoyl)-4,5-dimethoxy phenyl methyl acetate Hip. 

By replacing the benzoyl chloride in example Ilia with 4-iodobenzoyl chloride, the title 
product is obtained in same manner. 

2-(3-chlorobenzoyl)-4,5-diethoxyphenyl ethyl acetate lllq. 

By replacing 3,4-dimethoxyphenyl methyl acetate in example Hid with 
3,4-diethoxyphenyl ethyl acetate, the title product is obtained in same manner. 

'\ 

2-(5-chlorobenzo[b] furylcarbonyl)-4,5-dimethoxyphenyl methyl acetate lllr. 

By replacing the benzoyl chloride in example Ilia with 5-chlorobenzo[b]furylcarbonyl 
chloride, the title product is obtained in same manner. 

2-[2 (2-benzo[b] thienyl)carbonyl-4,5-diethoxyphenyl] ethyl butyrate Ills. 

. By replacing methyl 3,4-dimethoxyphenyl acetate in example II Ij with 
2-(3,4-diethoxyphenyl) ethyl butyrate, the title product is obtained in same manner. 

2-(3-bromobenzoyl)-4,5-dimethoxyphenyl methyl acetate lilt. 

By replacing benzoyl chloride in example Ilia with 3-bromobenzoyl chloride, the title 
product is obtained in same manner. ^ 
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1.2. Synthesis of the products of Formula I' for IV) 



The following compounds were synthesized: 

y.S-dimethoxy-l-phenyl-S.S-dihyd^H^.S-benzodiazepin^-one IVa. 

7,8-dimethoxy-1-(2-naphthyl)-3,5-dihydro-4fy-2,3-benzodiazepin-4-one IVb. 

1-(4-chlorophenyl)-7,8-dirhethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one IVc. 

1-(3-chlorophenyl).7,8-dimethoxy-3,5rdihydro-4H-2,3-benzodiazepin-4-one IVd 

7,8-dimethoxy-5-methyl-1-phenyl-3,5-dihydro-4H-2,3-benzodiazepin-4-one IVe. 

l-benzyl^.S-dimethoxy-S.S-dihydro^H^.S-benzodiazepin^-one IVf. 

7,8-dimethoxy-1-(4-phenylphenyl)-3,5-dihydro-4H-2,3-benzodiazepin-4-one IVg. 

7,8-dimethoxy-l-(7-methoxy-2-naththyl)-3,5-dihydro-4H-2,3-benzodiazepin-4one 
IVh. 

1-(5-chloro-2-naphthyl)-7,8-dimethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one IVi 

1-(2-benzo[b]thienyl)-7 ) 8-dimethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one IVj 

1-(4-re/t-butylphenyl)-7,8-dimethoxy-3,5-dihydro-4H-2.3-benzodiazepin-4-one IVk 

1 -(2-benzo[b]thienyl)-7-methoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one IVI. 

1-(3-chloro-2-benzo[b]thienyl)-7,8-dimethoxy-3,5-dihydro-4H-2,3benzodiazepin-4-o 
ne, IVm. 

1-(4-bromophenyl)-7,8-dimethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one IVn 
1-(2,4-dichlorophenyl)^7,8-dimethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one IVo 
1 -(4-iodophenyl)-7.8-dimethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one IVp. 
1-(3-chlorophenyl)-7,8-diethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one IVq. 
1-(5-chloro-2-benzo[b] furyl)-7 1 8-dimethoxy-3,5-dihydro-4H-2,3-benzodiazepin4-one 

IVr. 

1-(benzo[b] th4enyl)-7,8-diethoxy-5-ethyl-3,5-dihydro-4H-2,3-benzodiazepin-4one 
IVs. 

1-(3-bromophenyl)-7,8-dimethoxy-3,5-dihydr6-4H-2,3-benzodiazepin-4-one IVt. 
7,8-dimethoxy-1-[(3-phenyl) phenyl] -3,5-dihydro-4H-2,3-benzodiazepin-4-one IVu. 

7,8-dimethoxy-1-phenyl-3,5-dihydro-4f/-2,3-benzodiazepin-4-one IVa. 

Heat 500 mg (1.59 mmole) of 2-benzoyl-4,5-dimethoxyphenyl methyl acetate Ilia, 2 
ml of hydrazine hydrate and 12 ml of EtOH in a sealed tube at 150°C for 3 hours. Allow to 
return to ambient temperature. Add 10 ml of AcOH. Heat under reflux for 25 minutes. 
Evaporate until dry. Add 60 ml of glacial H 2 0. Allow to crystallize at 0°C for 5 minutes 
Filter and wash twice with 5 ml of H 2 0, twice with 3 ml of EtOH and twice with 5 ml of 
pentane. Recristallize in EtOH/Et 2 0. Yield : 82% 

1 H-NMR: 

(300 MHz, CDClj) : d 3,5 1 

(s, 2H, CHj) , 3,72 (s, 3H, OCH,), 3,97 (s, 3H, OCH 3 ), 6,67 (s, 1H Ar), 6,86 (s, 
1H Ar), 7,43-7,48 (m, 3H Ar), 7,62-7,65 (m, 2H Ar), 8,66 
(broad s, 1 H exchangeable, NH) 

7,8-dimethoxy-1-(2-naphthyl)-3,5-dihydro-4W-2,3-benzodiazepin-4-one IVb 

By replacing 2-benzoyl-4,5-dimethoxyphenyl methyl acetate Ilia in example IVa, with 
4,5-dimethoxy-2-(2-naphthoyl) phenyl methyl acetate 1Mb, the title product is obtained in 
same manner. Yield: 24%. 
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1 H-NMR: 
(300 MHz, 

CDCU) : 6 3,56 (s, 2H, CH 2 ) , 3,68 (s, 3H, OCH 3 ), 4,00 (s, 3H, OCH 3 ), 6,74 (s, 

IH Ar), 6,90 (s, 1H Ar), 7,53-7,60 (m, 2H Ar), 7,82-8,00 (m, 5H Ar), 8,53 
(broad s, 1H exchangeable, NH) 

1-(4-chlorophenyl)-7,8-dimethoxy-3,5-dihydro^^ IVc 

By replacing 2-benzoyl-4,5-dimethoxy phenyl methyl acetate ilia in example IVa with 
2-(4-chlorobenzoylH,5-dimethoxyphenyl methyl acetate lllc, the title product is obtained 
in same manner. Yield: 64%. 

'H-NMR: 

(300 M" 2 ' CDC W : 3 > 5 1 & 2 - H > CHj), 3,74 (s, 3H, OCH 3 ), 3,97 (s, 3H, OCH 3 ), 6,63 
(s, IH Ar), 6,86 (s, 1H Ar), 7,51 (AB $ystem m> ^ m Q l7 ppm# ' J AB «= 6 Hz, 4 H 
Ar > 8,61 (broa j ^ j H exchange able, NH) 

1-(3-chlorophenyl)-7,8-dimethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one IVd, 

By replacing 2-benzoyl-4,5-dimethoxyphenyl methyl acetate Ilia in example IVa with 
2-(3-chlorobenzoyl)-4,5-dimethoxyphenyl methyl acetate Hid, the title product is obtained 
in same manner Yield: 64% (for both steps). M: 270-273°C 

1 H-NMR: 

(300 MHz, dmso*D 6 ) ; 8 3,45 (s, 2H, CH 2 ), 3,62 (s, 3H, 

CH 3 ), 3,88 (s, 3H, CH 3 ), 6,65 (s, I H Ar), 7,13< (s, 1H Ar), 7,47-7,63 (m, 4H Ar), 
10,99 ( S> IH exchangeable, NH) 

7,8-dimethoxy-5-methyl-1-phenyl-3,5-dihydro-4H-2,3-benzodiazepin-4-one IVe 

By replacing 2-benzoyl-4,5-dimethoxyphenyl methyl acetate Ilia in example IVa with 
2-(2-benzoyl-4,5-dimethoxyphenyl) methyl propionate Hie, the title product is obtained in 
same manner. Yield:53% (for the both steps). 

1 H-NMR: 

(300 MHz, dmso-D 6 ) : 5 1,67 (s large, 3H, CH 3 ), 3,32-3,37 (m, IH, H 5 ), 

3,72 (s, 3H, CH 3 ), 3,98 (s, 3H, CH 3 ), 6,67 (s, IH Ar), 6,86 (s, IH Ar), 7,40-7,51 
(m, 3H Ar), 7,64-7,67 (m, 2H Ar), 8,51 (Sj 1H exchangeable, NH) 

1-benzyl-7,8-dimethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one IVf. 

By replacing 2-benzoy!-4,5-dimethoxyphenyl methyl acetate Ilia in example IVa with 
4,5-dimethoxy-2-(1-oxo-2-phenylethyl)phenyl methyl acetate lllf, the title product is 
obtained in same manner. 

1 H-NMR: 
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(200 MHz, 

dmso-D 6 ) : 5 3,14 (s, 2H, COCH*), 3,76 (s> 6H, 2 x OCH 3 ), 4,18 (s, 2H, CH 2 ), 
6,87 (s, 1H Ar), 7,1 1-7,23 (m, 6H Ar), 10,60 ^ broad s? 1H exchangeable, NH) 

7,8<Jimethoxy4-(4-phenylphenyl)-3,5-dihydro^ 
IVg. 

By replacing 2-benzoyl-4,5-dimethoxyphenyl methyl acetate Ilia in example IVa with 
[4,5-dimethoxy-2-(4-phenylbenzoyl)phenyl] methyl acetate lllg, the title product is 
obtained in same manner Yield: 51%. M:218-221°C. 

7,8-dimethoxy4-(7-methoxy-2-naththyl)-3,5-dihydro^H-2,3-benzodiazepin^-^ 
ne, IVh. 

By replacing 2-benzoyl-4,5-dimethoxyphenyl methyl acetate Ilia in example IVa with 
4,5-dimethoxy-2-(7-methoxy-2-naphthoyl)phenyl methyl acetate lllh, the title product is 
obtained in same manner. Yield: 39%. M:260-263°C. 

1 H-NMR: 

(200 MHz, CDC1?) : 5 3,59 (s, 2H, CH 2 ), 3,73 (s, 3H> CHj), 
(in, W Ar), 7,70-7,94 (m, 4HL Ar), 8,44 (broad s? 1H exchangeable, NH) 



1-(5-chloro-2-naphthyl)-7,8-dimethoxy-3,5-dihydro^H-2,3-benzodiazepin-4- 
one IVi. 

By replacing 2-benzoyl-4,5-dimethoxyphenyl methyl acetate Ilia in example IVa with 
2-(5-chloro-2-naphthoyl)-4,5-dimethoxyphenyl methyl acetate llli, the title product is 
obtained in same manner. Yield: 51%. 

1 H-NMR: 

(300 MHz, CDCh) : 5 3,60 (s, 2H, CH 2 ), 3,72 (s, 3H ? CH 3 ), 4,03 (s, 3H, CH 3 ), 
6/73 (s, IB Ar), 6,93 (s, 1H Ar), 7,36-7,45 (m, 1H Ar), 7,82-8,31 (m, 5H Ar), 

8 > 54 (s, 1H exchangeable, NH) 

1-(2-benzo[b] thienyl)-7,8-dimethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one 

IVj. 

By replacing 2-benzoyl-4,5-dimethoxyphenyl methyl acetate Ilia in example IVa with 
2-(2-benzo[b]thienylcarbonyl)-4,5-dimethoxyphenyl methyl acetate lllj, the title product is 
obtained in same manner. Yield: 69%. 

1 H-NMR: 

(200 MHz, CDCfe) : § 3,52 (s, 2H, CH 2 ), 3,84 (s, 3H, CH 3 ), 3,98 (s, 3H, 
CB 3 ), 6,87 (s, 1H Ar), 7,13 (s, 1H Ar), 7,35-7,44 (m, 3H Ar), 7,72-7,91 (m, 2H 
Ar), 8,5 1 ( S , 1 H exchangeable, NH) 

1-(4-tert-butylphenyl)-7,8-dimethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4one 
IVk. 
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By replacing 2-benzdyl-4,5-dimethoxyphenyl methyl acetate Ilia in example IVa with 
2-(4-tert-butylbenzoyl)-4 > 5-dimethoxyphenyl methyl acetate Nik, the title product is 
obtained in same manner. Yield: 41%. M: 214°C. 

1 H NMR: 

(200 MHz, CDCI3) : S 1,37 (s, 9H, 3 x CH 3 ), 3,49 <s, 2H, CH 2 ), 

(s, 1H exchangeable, NH) 
1-(2-benzo[b] lthienyl)-7-methoxy-3,5-dihydro-4W-2,3-benzodiazepin-4-one IV). 

By replacing 2-benzoyl-4,5-dimethoxyphenyl methyl acetate Ilia in example IVa with 
2-(2-benzo[b] thienylcarbonyl)-5-methoxy phenyl methyl acetate 1 1 II, the title product is 
obtained in same manner. Yield: 18%. M: 264°C. 

1 H-NMR: 

(300 MHz, CDCl 3 ):5 3,57 <s, 2H 5 CH 2 ), 3,91 (s, 3H, CH 3 ) S 6,91*7,00 

(m, 2H Ar), 7,32-7,45 (m ? 3H Ar), 7,59-7,63 (m, LH Ar), 7,72-7,75 (m, 1H Ar), 

7,S6~7,88 (m, 1H Ar), 8,42 (s 1 H exchangeable, NH) 

1-(3-chloro-2-benzo[b]thienyl)-7,8-dimethoxy-3,5-dihydro-4H-2,3benzodiazepin 
-4-one, IVm. 

By replacing 2-benzoyl-4,5-dimethoxyphenyl methyl acetate Ilia in example IVa with 
2-(3-chlorobenzo[b] thienylcarbonyl)-4,5-dimethoxyphenyl methyl acetate Mm, the title 
product is obtained in same manner. Yield: 18%. 

1-(4-bromophenyl)-7,8-dimethoxy-3,5-dihydro-4H-2,3-benzodiazepm-4-one 
IVn. 

By replacing 2-benzoy!-4,5-dimethoxyphenyl methyl acetate Ilia in example IVa with 
2-(4-bromobenzoyl)-4,5-dimethoxy phenyl methyl acetate llln, the title product is obtained 
in same manner. Yield: 61 %. 

1-(4-bromophenyl)-7,8-dimethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one 
IVn. 

By replacing 2-benzoyl-4,5-dimethoxyphenyl methyl acetate Ilia in example IVa with 
2-(4-bromobenzoyl)-4,5-dimethoxyphenyl methyl acetate llln, the title product is obtained 
in same manner. Yield: 29%. 

1 H-NMR: 

(300 MHa. CDCl 3 ) : 5 3,50 (s, 2H, CH 2 ), 3,74 (s, 3H, CH 3 ), 3,97 (s, 3H, CE 3 ), 6,63 (s, 
1M Ar),6,85(s,lH Ar), 7,50-7,59 (m, 4H Ar), 8,41 (s> 1 h exchangeable, NH) 



1-(2,4-dichlorophenyl)-7,8-dimethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4one 
IVo. 

By replacing 2-benzoyl-4,5~dimethoxyphenyl methyl acetate Ilia in example IVa with 
2-(2,4-dichloro.benzoyl)-4,5-dimethoxyphenyl methyl acetate lllo, the title product is 
obtained in same manner. Yield: 12%. 
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1 H-NMR: 

(300 MHz, CDCI3) : 5 3,60 (s, 2H, CH 2 ), 3,69 (s, 3H, CH 3 ), 3,96 (s, 3H, CH 3 ), 

6,37 (s, IE Ar), 6,84 (s, IH Ar), 7,40-7,60 (m, 3H Ar), 8,51 (s, 1H 
exchangeable, NH) 

1-(4-iodophenyl)-7,8-dimeth^ IVp. 

By replacing 2-benzoyl-4,5-dimethoxyphenyl methyl acetate Ilia in example IVa with 
2-(4-iodobenzoyl)-4,5-dimethoxyphenyl methyl acetate Hip, the title product is obtained in 
same manner. Yield: 62%. 

1 H-NMR: 
(300 

MHz, CDCI3) : 5 3,50 (s, 2H, CH*)> 3,74 (* 3H, CH 3 ), 3,97 (s,3H, CH 3 ), 6,63 (s, 

1H Ar), 6,85 (s, IH Ar), 7,36-7,80 (m, 4H Ar), 8,57 
(s, 1 H exchangeable, NH) 

1-(3-chlorophenyl)-7,8-diethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one IVq. 

By replacing 2-benzoyl-4,5-dimethoxyphenyl methyl acetate Ilia in example IVa with 
2-(3-chlorobenzoylH,5-diethoxyphenyl ethyl acetate lllq, the title product is obtained in 
same manner. Yield: 24% (for both steps). M: 182-183°C. 

1 H-NMR: 

(300 MHz, CDCI3) : S 1,3? (t, 3H, CH 3 ), 1,51 (t, 3H, CH 3 ), 
3,48 (s, 2H, Cm, 3,92 (q, 2H, CE 2 ), 4,17 (q, 2H, CH 2 ), 6,64 (s, 1H Ar), 6,83 (s, 
m Ar), 7,33-7,50 (m, 3H Ar), 7,65 (4 1H Ar), 8,58 (s> , H exchangeable, NH) 

1-(5-chloro-2-toenzo[b]furyl)-7,8-dimethoxy-3,5-dihydro-4/y-2,3benzodiazepin^ 
-one IVr. 

By replacing 2-benzoyl-4,5-dimethoxyphenyl methyl acetate Ilia in example IVa with 
2-(5-chlorobenzo[b]furylcarbonyl)-4' f 5-dimethoxyphenyl methyl acetate lllr, the title 
product is obtained in same manner. Yield: 33%. M: 249-252°C. 

1 H-NMR: 

(300 MHz, CDCb) : 5 3,53 (s, 2H, CH 2 >, 3,87 (s, 3H, 

CH 3 ), 3,99 (s, 3H, CH 3 ), 6,87 (s, 1H Ar), 7,00 (s, IB Ar), 7,10 (s, IH Ar), 7,35- 
7,39 (m, 1H Ar), 7,53-7,62 (m, 2H Ar), 8,76 (s> 1H exchangeable, NH) 

1 (benzo lb]thienyl)-7,8-diethoxy-5-ethyl-3,5-dihydro-4H-2,3-benzodiazepin- 
4-one IVs. 

By replacing 2-benzoyl-4,5-dimethoxyphenyl methyl acetate Ilia in example IVa with 
2-[2-(2-benzo[b]thienyl)carbonyl-4,5-diethoxyphenyl] ethyl butyrate Ills, the title product 
is obtained in same manner. Yield: 23%. 

1 H-NMR: 

(300 MHz, CDCI3) : 8 1,11 (t, J = 6,21, 3H, CB 3 ), 1,40*1,46 (m, 3H, 
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CH 3 ), K53 (t, J = 7,92, 3H, CH 3 ), 1,96-2,43 (m, 2H, CH 2 ), 3,02-3,0? (t, J = 6,01, 

1H. H\ 4,04-4,24 (m, 4H, 2 x CH 2 ), 6,83 (s, IH Ar), 7,15 (s, 1H Ar), 7,35-7,90 
(m, 5H Ar), 8,39 ( S) i H exchangeable, NH) 

1 -(3-brompphenyl)-7,8-dimethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one IVt. 

By replacing 2-benzoyl-4,5-dimethoxyphenyl methyl acetate Ilia in example IVa with 
2-(3-bromobenzoyl)-4,5-dimethoxyphenyl methyl acetate lilt, the title product is obtained 
in same manner. Yield: 30%. 

1 H-NMR: 

(300 MHz, CDClj) : 5 3,51 (s, 2H, CH 2 ) , 3,75 (s, 3H, OCH 3 ), 3,98 (s, 3H, OCH,), 

6.64 (s, IH Ar), 6,85 (s, IB Ar), 7,28-7,84 (m, 4H Ar), 8,47 
(broad s, 1H exchangeable, NH) 

7,8-dimethoxy-1-[(3-phenyl)phenyl]-3,5-dihydro-4H-2,3-behzodiazepin-4-one 
IVu. 

Heat a mixture of 100 mg (0.267 mmole) of 
l-CS-bromophenyO^.S-dimethoxy-S^-dihydro^H^.S-benzodiazepin^-one IVt, 44 mg 
(0.356 mmole) of phenylboronic acid, 30 mg of fefra/c/s-triphenylphosphine Pd(0), 251 nl 
of Na 2 C0 3 and 291 \i\ of EtOH in 5 ml of toluene to 90°C for 1 2 hours. Evaporate until dry. 
Purify by chromatography (AcOEt/Hexane 1/1 ). Recristallize in EtOH. Yield: 61 %. 

1 H-NMR: 

(300 MHz, CDCb) : 6 3,52 (s, 2H, 

CH 2 ) , 3,72 (s, 3H, OCH,), 3,96 (s, 3H, OCH 3 ), 6,72 (s, IH Ar), 6,86 (s, 11 Ar), 
7,38-7,69 (m, 9H Ar), 8,80 (broad s, 1 H exchangeable, NH) 

EXAMPLE 2: SYNTHESIS OF COMPOUNDS OF GENERAL FORMULA I 

2.1. Synthesis of Compounds of Formula (I) wherein R4 is a chlorine atom 
(compounds of Formula V) 

4-chloro-7,8-dimethoxy-1 -phenyl-5H-2,3-benzodiazepine Va. 

Heat a mixture of 150 mg (0.51 mmole) of 
7,8-dimethoxy-1-phenyl-3,5-dihydro-4/-/-2,3-benzodiazepin-4-one IVa, 200 jal of 
dimethylaniline and 500 ^l of POCI 3 in 10 ml of CHCI 3 in a sealed tube for 45 minutes at 
120°C. Allow to return to ambient temperature. Evaporate until dry. Add 30 ml of AcOEt 
and 3 ml of triethylamine. Evaporate until dry. Purify by chromatography [QAcOEt 
1/Hexane 4 then AcOEt 1/Hexane 1 ). Triturate in 3 ml of Et 2 0: Filter. Wash with twice 3 ml 
of pentane. Yield: 57%. 

1 H-NMR: 

(300 MHz, CDCI3) : 5 3,54- 

3.65 (m, 211, CH 2 ), 3,77 (s, 3H, CH 3 ). 4,02 (s, 3H, CH 3 ), 6,80 (s, I H Ar), 6,82 (s, 

IH Ar), 7,42-7,50 (in, 3H Ar), 7,68-7,70 (m, 2H Ar). 
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4-chloro-1-(3-chlorophenyl)-7,8-dimethoxy-5H-2,3-benzodiazepme Vb. 

By replacing 7,8-dimethoxy-1-phenyl-3,5-dihydro-4H-2,3-benzodiazepin-4-one IVa in 
example Va with 1-(3-chlorophenyl)-7,8-dimethoxy-3,5- 

dihydro-4H-2,3-benzodiazepin-4-one IVd, the title product is obtained in same manner. 

2.2. Synthesis of Products of Formula (I) 

The following compounds were synthesized: 

4-n-butyl-7,8-dimethoxy-1-phenyl-5H-2,3-benzodiazepine la. 
7,8-dimethoxy-4-methylamino-1 -phenyl-5H-2,3-benzodiazepine lb. 
7,8-dimethoxy-1-phenyl-4-(pyrrolidin-1-yl)-5H-2,3-benzodiazepine Ic. 
1-(3-chlorophenyl)-7,8-dimethoxy-4-methyl-5H-2,3-benzodiazepine Id. 
7 ) 8-dimethoxy-4-(A/,A/-dimethylamino)-1-phenyl-5H-2,3-benzodiazepine le. 
7,8-dimethoxy-1-phenyl-4-propylamino-5/-/-2;3-benzodiazepine If. 
7 I 8-dimethoxy-4-(1-morpholino)-1-phenyl-5H-2,3-benzodiazepine Ig. 
4-(2-hydroxyethylamino)-7,8-dimethoxy-1-phenyl-5/-/-2, 3-benzodiazepine Ih. 
7,8-dimethoxy-4-(1 -heptynyl)-1 -phenyl-5H-2, 3-benzodiazepine Iz. 
7,8-dimethoxy-1-phenyl-4-(prop-1-ynyl)-5H-2,3-benzodiazepine li. 
7,8-dimethoxy-1-phenyl-4-/7-propyl-5H-2,3-benzodiazepine Ij. 
4,7,8-trimethoxy-1-phenyl-5H-2,3-benzodiazepine II. 
7,8-dimethoxy-4-methyl-1-phenyl-5H-2,3-benzodiazepine Im. 
7,8-dimethoxy-4-(4-methylphenyl)-1-phenyl-5H-2, 3-benzodiazepine In. 

4-n-butyl-7,8-dimethoxy-1 -phenyl-5H-2,3-benzodiazepine la. 

Under an inert atmosphere at -78°C, add 360 jil of 1 .6 M n-BuLi in THF to a solution of 
150 mg (0.48 mmole) of 4-chloro-7,8-dimethoxy-1-phenyl-5H-2,3-benzodiazepine in 7 ml 
of anhydrous THF. Allow to return to ambient temperature. After 5 minutes, add 3 drops of 
AcOH. Evaporate until dry. Purify by chromatography on silica (AcOEt 1/Hexane 1). 
Recristallize in CH 2 CI 2 /pentane. 133 mg of colorless crystal is obtained. Yield: 83%. 
M:140-142°C. 

'H-NMR: 

(300 MHz, CDCI 3 ) : 5 0,91 (t, J « 7,33, 3H, CH 3 ), 1 ,23-1,37 
(m, 2H, CH 2 CHj), 1,57-1,69 (m, 2H, C^CHjCH,), 2,42-2,48 Cm, 2H, 

CH^CH^CHj), 3.I6( AB system « * 0,32, J AB - 12,4, 2H, CH 2 ), 3,73 (s, 3H, 
CH 3 ), 3,98 (s, 3H, CHj), 6,74 (s, IB Ar), 6,81 (s, IH Ar), 7,40-7,46 (m, 3H Ar), 
7,7 1-7,74 (ra,2HAr). 

7,8-dimethoxy-4-methylamino-1-phenyl-5H-2,3-benzodiazepine lb. 

Place a mixture of 50 mg (0.159 mmole) of 
4-chloro-7,8-dimethoxy-1-phenyl-5H-2, 3-benzodiazepine Va, 2 ml (2 mmoles) of 1M 
methylamine in THF and 8 ml of EtOH under agitation at ambient temperature for 12 
hours. Evaporate until dry. Add 1 0 ml of a saturated solution of NaHC0 3 and 20 ml of H 2 0 
and extract 3 times with 20 ml of AcOEt. Dry the organic fractions on Na 2 S0 4 . Evaporate 
until dry. Recristallize in EtOH/Et20. Yield: 89 %. M:212-215°C. 

1 H-NMR: 

(200 MHz, CDClj) : 5 2,87 (s, 3H, CH 3 ), 3,02-3,29 
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<m, 2H, CH 2 ), 3,73 (s» 3H, CH 3 ), 3,96 (s, 3H, CH 3 ), 6,68 (s s 1H Ar), 6,78 (s, IH 
Ar), 735-7,4 1 (m, 3H Ar), 7,68-7,74 (m, 2H Ar). 

7,8-dimethoxy-1 -phenyl-4-{pyrrolidin-1 -yl)-5H-2,3-benzodiazepine Ic. 

By replacing methylamine in example lb with pyrrolidine, the title product is obtained 
in same manner. Yield: 67% mF:228-230 p C. 
1 H-NMR: 

(200 MHz, CDC1 3 ) : <5 1,89-1,97 (m, 4H, (CHjfc) pyrrolidine), 3,09-3,76 (m, 9H, 
NCCH^j) pyrrolidine + CH 2 ), 3,73 (s, 3H, CH 3 ), 3,96 (s, 3H, CH 3 ), 6,76 (s, IB 

Ar), 6,79 (s, IH Ar), 7,35-7,39 (m, 3H Ar), 7,69-7,74 (m, 2H Ar). 

1-(3-chlorophenyl)-7,8-dimethoxy-4-methyl-5H-2,3-benzodiazepine, Id. 

By replacing 4-chloro-7,8-dimethoxy-1-phenyl-5H-2,3-benzodiazepineVa in example 
la with 4-chloro-1-(3-chlorophenyl)-7,8-dimethoxy-5H-2,3benzodiazepine Vb, ' and 
replacing the n-BuLi by with MeLi, the title product is obtained in same manner, 
(girisopam) 

7,8-dlmethoxy-4-(NR, N-dimethylamino)-1-phenyl-5/7-2,3-benzodiazepine le. 

By replacing methylamine in example lb with dimethylamine, the title product is 
obtained in same manner. Yield: 88%. MF:182-184°C. 
1 H-NMR: 

(200 MHz, CDCI3) : 5 3,06 (s, 6H, N(CH 3 ) a ), 3,38 (systcme AB, 3 - 0,79, J AB = 
8,8, 2H, CH 2 ), 3,75 (s, 3H, CH 3 ), 3,97 (s, 3H, CH 3 ), 6,76 (s, 1H Ar), 6,81 (s, IH 
Ar), 7,38-7,40 (m, 3H Ar), 7,7 1-7,75 (m, 2H Ar). 

7,8-dlmethoxy-1-phenyl-4-propylamino-5H-2,3-benzodiazeplne If. 

By replacing methylamine in example lb with N-propylamine, the title product is 
obtained in same manner. Yield: 76%. M:202-204°C. 

7,8-dimethoxy-4-(1-morpholino)-1-phenyl-5/y-2,3-benzodiazepine Ig. 

By replacing methylamine in example lb with the morpholine, the title product is 
obtained in same manner. Yield: 87%. M:200-202°C. 

1 H-NMR: 
(200 

MHz, CDClj) : 5 3,32 (systcme AB, 5 = 0,67, J AB = 1 3,4, 2H, CH 2 ), 3,34-3,56 
(m, 4H, 2 x CHj), 3,72-3,76 (m, 7H, 2 x CH 2 + CH 3 ), 3,97 (s, 3H, CH 3 ), 6,69 (s, 
IH Ar), 6,81 (s, IH Ar), 7,38-7,41 (m, 3H Ar), 7,70-7,73 (m, 2H Ar). 

4 (2-hydroxyethylamino)-7,8-dimethoxy-1-phenyl-5f/-2,3-benzodiazepine Ih. 



Translation by Patent Translations Inc. I -800-844-0494 mail@PatentTranslations.com 



By replacing methylamine in example lb with 2-hydroxyethylamine, the title product is 
obtained in same manner. Yield: 76%. M:211-213°C. 

7,8-dimethoxy-4-(1 -hepty nyl)-1 -phenyl-5H-2,3-benzodiazepine Iz. 

Place a mixture of 100 mg (0.318 mmole) . of 
4-chloro-7,8-dimethoxy-1-phenyl-5/-/-2,3-benzodiazepine Va, 12 mg of Cul, 7 mg of 
PdCI 2 , 23 mg of triphenylphosphine.1 ml of triethylamine, and 300 \i\ of 1-heptyne in 4 ml 
of CH 3 CN under agitation at ambient temperature for 2 hours. Evaporate until dry. Purify 
by chromatography (AcOEt 1/Hexane 4 then AcOEt 1/Hexane 2). 344 mg of a yellow oil 
is obtained, which crystallizes slowly. Yield: 92%. M:38°C. 

1 H-NMR: 

(300 MHz, CDCi 3 ) : 6 0,92 (t, J = 7,02, 3H, CH 3 ), 1,31-1,47 (m, 

4H, (CH^X 1,554,64 (m, 2H, CH 2 )> 2,38 (t, J = 7,0, 2H, CM,), 3,29 (AB system9 

6 - 0,32, J A6 - 12,5, 2H> CH*X 3,75 ($, 3H, CH 3 ), 3,99 (s, 3H, CH,) 3 6,79 
(s, 1H Ar), 6,80 (s s 1H Ar), 7,39-7,46 (m, 3H Ar), 7,69-7,71 (m, 2H Ar). 

7,8-dimethoxy-1-phenyl-4-(prop"1-ynyl)-5H-2,3-benzodiazepine li. 

By replacing 1-heptyne in example Iz with 1-propyne condensed at 78°C in a sealed 
tube, the title product is obtained in same manner. Yield: 72%. M: 139-141°C. 
1 H-NMR: 

(300 MHz, CDCl 5 ) : S 2,04 (s, 3H, CH*C C), 3,29 

(AB system, 5 = 0,33, Jab = 12A 2H, CH*X 3 J5 fs, 3H, CBA 4,00 (s, 3H, 
CH 3 ), 6,80 (s, 2H Ar), 7,40-7,46 (m, 3H Ar), 7,69-7,72 (m, 2H Ar). 

7,8-dimethoxy-1 -phenyl-4-n-propyl-5H-2,3-benzodiazepine Ij. 

Hydrogenate 70 mg (0.22 mmole) of 

7 l 8-dimethoxy-1-phenyl-4-(prop-1-ynyl)-5H-2,3-benzodiazepine li in 10 ml of MeOH in 
the presence of 30 mg of Pd/C, at ambient temperature, under atmospheric pressure for 
4 hours. Evaporate until dry. Purify by chromatography on silica (AcOEt 1/Hexane 1). 
Recristallize in CH 2 CI 2 /pentane. 57 mg of the title product is obtained in the form of 
colorless crystals. Yield: 81%. M: 129-133°C. 

(200 MHz, CDCI3) : 6 0,91 (t, J - 

7,33, 3H, CH 3 ), 1,59-1,75 (m, 2H, CH,CH 3 ), 2,38-2,46 (m, 2H, CH 2 CH 2 CH 3 ), 
' 3,15( A B system, 5 °> 33 > J *» = * 2 f> 2H > CH.j), 3,75 (s, 3H, CH 3 ), 3,98 (s, 
3H, CH 3 ), 6,73 (s, M Ar), 6,80 («, 1H Ar), 7,40-7,44 (m, 311 Ar), 7,69-7,74 (m, 
2H Ar). 



4,7,8-trimethoxy-1-phenyl-5H-2,3-benzodiazepine II. 

Place a' solution of 100 mg (0.318 mmole) of 
4-chloro-7,8-dimethoxy-1-phenyl-5H-2,3-benzodiazepine in 10 ml of MeOH at ambient 
temperature, under an inert atmosphere. Evaporate until dry. Add 10 ml of a saturated 
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solution of NaHC0 3 and 10 ml of H 2 0. Extract twice with 20 ml of AcOEt. Dry the organic 
fractions on Na 2 S0 4 . Recristallize in Et20. Yield: 73%. 



7,8-dimethoxy-4-methyl-1-phenyl-5W-2,3-benzodiazepirie Im. 

By replacing n-BuLi in example la with MeLi, the title product is obtained in same 
manner. Yield: 67%. M:144-146°C. 
1 H-NMR: 

(200 MHz, CDClj) : 

5 2,20 (s, 3H, CH 3 ), 3,19 (systeme AB, AS = 0,24, J AB - 12,2, CH 2 ), 3,78 (s, 3H, 
CH 3 ), 4,02 (s, 3 H, CHj), 6,78 (s, 1 H Ar), 6,84 (s, 1 H Ar), 7,42-7,48 (m, 3K Ar), 
7,73-7,78 (m, 2H Ar). 

7,8-dimethoxy-4-(4-methylphenyl)-1-phenyl-5H-2,3-benzodiazepine In. 

Heat a mixture of 200 mg (0.64 mmole) of 
4-chloro-7,8-dimethoxy-1-phenyl-5/-/-2,3-benzodiazepine Va, 100mg (0.74 mole) of 
4-methylbenzene boronic acid, 152 mg (0.72 mmole) of K 3 P0 4 and 23 mg of 
fefra/c/s-triphenylphosphine palladium (0) in 5 ml of DMF to 105°C under an inert 
atmosphere for 16 hours. Add 30 ml of H z O and extract 3 times with 30 ml of AcOEt. Dry 
the organic fractions on Na 2 S0 4 . Evaporate until dry. Purify by chromatography (AcOEt 
1/Hexane 1). Yield: 23%. 

1 H-NMR: 

(300 MHz, CDCy 

: 5 2.40 (s. 3H. CH,). 3.61 (AB system, A5 = 0,91, J AS = 12,8, CH 2 ), 3,74 (s, 3H, 
Cm, 3,98 (t, J — 7,91, 3H, CH,), 6,84 (s, 211 Ar), 6,84 (s, IH Ar), 7,1 6-7,79 (m, 

9H Ar). 

EXAMPLE 3: SYNTHESIS COMPOUNDS OF FORMULA 1 WHEREIN R 4 IS AN SH 
GROUP 

4-mercapto-7,8-dimethoxy-1-phenyl-5H-2,3-benzodiazepine, lo 

Heat a mixture of 80 mg (0.27 mmole) of 
7,8-dimethoxy-1-phenyl-3,5-dihydro-4H-2,3-benzodiazepin-4-one IVa and 60 mg of 
Lawesson's reagent in 15 ml of anhydrous toluene under reflux for 12 hours. Allow to 
return to ambient temperature. Evaporate until dry. Purify by chromatography 
(AcOEt/Hexane 1/4 then 1/1). Recristallize in AcOEt. Yield: 69%. M:166-168°C. 

^-NMR: 

(200 MHz, CDClj) : 5 3,71 (s, 3H, CH 3 ), 3,89 (s, 2H, CH 2 ), 3,89 (s, 3H, 
CH 3 ), 6,63 (s, 1H Ar), 6,88 (s, I H Ar), 7,43-7,66 (m, 5H Ar), 10,15 
(s, 1H exchangeable, NH) 

EXAMPLE 4: PHARMACOLOGICAL ACTIVITY: INHIBITION OF 
PHOSPHODIESTERASES. 

4.1. Isolation of phosphodiesterases from smooth muscle 
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A 3 g segment of bovine aortic media cut into pieces with scissors was homogenized 
with an Ultra-Turrax, then with a glass/glass Potter, in 7 volumes/weight of buffer A, 
containing a protease inhibitor cocktail (20 mM Tris-HCI, 0.25 M saccharose, 2 mM 
magnesium acetate, 1 mM dithiothreitol, 5 mM EGTA, 2000 U/ml aprotinin, 10 mg/l 
leupeptin and 1Q mg/l soya trypsic inhibitor). The homogenate was centrifuged for 1h at 
105000 g. The supernatant was loaded on a DEAE-Sephacel [column] (15 x 1.6 cm) 
pre-equilibrated with buffer B (buffer A without saccharose, EGTA or protease inhibitors). 
The column was washed until no absorption could be detected at 280 nm, then eluted 
with a linear NaCI gradient (0-0.5M) in the buffer B. 3 ml fractions were collected and 
enzyme activities were determined under the conditions described hereafter so as to 
localize the various enzymes PDE1, PDE3, PDE4 and PDE5, which were aliquoted and 
frozen at -80° C. (Lugnier et aL, Biochem. PhamacoL, 35 (1986) 1746 1751). PDE2 was 
prepared from bovine endothelial cells by the same methods (Lugnier and Schini, 
Biochem. Pharmacol. 1990, 39; 75 84). 

4,2. Protocol for Measurement of Phosphodiesterase Activities 

Cyclic nucleotide phosphodiesterase activity was determined by a radioenzymatic 
method using tritiated cyclic GMP or AMP (1 pM) as a substrate (Lugnier et a/., 1986). 
Adenosine or the tritiated guanosine monophosphate formed by hydrolysis of the labeled 
cyclic nucleotide was converted to tritiated adenosine or guanosine, in a second 
incubation with one nucleotidase in excess. The nucleoside produced was separated 
from the nucleotides by chromatography on an anion exchange resin. The radioactivity of 
the nucleoside was determined by liquid scintillation. Enzymatic incubations were carried 
out under conditions such that there was no more than 15% hydrolysis of the substrate, 
with each point being performed in duplicate. 

4.2.1, Determination of PDE4 inhibition. 

The concentration of substance which inhibits enzymatic activity by 50% (IC 50 ) at 1 
pM of cyclic AMP was calculated by nonlinear regression (Prism, GraphPad). 

4.2.2. Selectivity 

An evaluation was carried out for the activity of the compounds on other 
phosphodiesterase isoforms, and particularly PDE1 from vascular smooth muscle in the 
basal state or activated by calmodulin, PDE2 from vascular endothelial cells in the basal 
state or activated by cyclic GMP, PDE3 andPDES from vascular smooth muscle. 

The results obtained are shown in Tables 1 to 3 hereafter, where % indicates the 
percentage of inhibition of the enzymatic activity produced by 10 i^moles of the compound 
tested. 
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Table 1 

Compounds of General Formula (I'). 





PDE4CI 50 (nM) or 


Example 


percentage of inhibition at 




10 nM. 


| IVa 


7.7 


IVb 


1.5 


IVc 


1.5 


IVe 


8.8 


IVf 


36% 


IVg 


2.7 


IVh 


7.0 


IVi 


1.2 


IVj 


1.2 


IVk 


3.4 


IVm 


14 


IVn 


3.9 


IVo 


31% 


IVp 


2.9 


IVd 


7.7 


IVr 


31 


IVu 


2.6 


IVq 


0.73 


IVs 


0.083 


IVI 


11% 



Table 2 

Compounds of General Formula (I), R 5 ' = H. 





PDE4 Cl 50 (^m) or 


name 


percentage of 




inhibition at 10 urn 


tofisopam 


0.68 


Id (girisopam) 


3.2 


lb 


20% 


Ic 


12% 


le 


16% 


If 


16% 


ig 


15% 


Ih 


27% 


li 


21% 


U 


21 


la 


31% 


II 


24% 


Im 


13.6 


lo 


3.4 
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Table 3 
Selectivity 





Cl 50 or percentage of inhibition at 1 0^m 


name 


PFR 1 


PDE 


PDE 


PDE 


PDE 






2 


3 


4 


5 


IVb 


71% 


17 


4.5 


1.5 


38% 


IVc 


62% 


8.5% 




1.5 


23% 


IVg 


50% 


16% 


82% 


2.7 


51% 


IVi 


69% 


66% 


86% 


1.2 


58% 


IVj 


70% 


38% 


73% 


1.2 


54% 


IVu 


46% 


38% 


89% 


2.6 


39% 


xxxxx 




0.9 


6 


0.68 


33 


Id xxx 




4 


22% 


3.2 


13 


lo 




11 


138% 


3.4 


17 


IVq 


51% 


11% 


63% 


0.73 


62% 


IVs 


45% 


22% 


59% 


0.083 


44% 



All of the compounds tested show a strong PDE4 inhibitory action. The preferred 
compounds according to the invention present an excellent potency and selectivity profile 
with respect to phosphodiesterase 4, insofar as these compounds more weakly inhibit the 
other PDEs, and in particular PDE3. 

EXAMPLE 5:ANTMNFLAMMATORY PROPERTIES OF COMPOUNDS OF THE 
INVENTION 

Compounds according to the invention were evaluated for anti-inflammatory 
properties on mononuclear cells from venous blood of healthy donors (n=4), according to 
a protocol approved by the Alsace No. 1 Consultation Committee for Protection of 
Persons in Biomedical Research. More specifically, the cells were incubated for 24 hours 
(24-well plate) in the presence of the compound tested, after activation by Salmonella 
Abortis Equi Lipopolysaccharide (LPS) (5^ig/ml) and by Phytohemagglutinin (PHA.1 
jxg/ml) (cf. De Groote et a/. Cytokine 4,1992, 239). After incubation, the concentrations of 
TNFa in the culture supernatants were measured by the ELISA method (Antibody 
Solutions, Half Moon Bay, CA, USA). 

The results found show a marked dose dependent inhibition of the production of TNFa, 
and only TNFa (compared to IL1 (3, IL6 and IL8 which were not significantly decreased) by 
the compounds tested. For example, compound IVs returns the measured TNFa levels to 
basal levels after activation of the cells, starting at 1 uM. 
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CLAIMS 



1 . Use of compounds of General Formula (I) or (I') 




R S\/ R 5 R 4 




}4H 



(i> 



, wherein: 



R t is a (Ci-C 6 ) alkyl group, (C 3 -C 6 ) cycloalkyl group, (C 6 -C 18 ) group, (C 6 - 
C 18 )aryl(C r C 4 )alkyl group, (CVCeJalkyKCe-C^aryl group, (C 5 -C t8 ) heteroaryl group 
comprising 1 to 3 heteroatoms, or a OR 2 , SR 2 or NR 2 R 3 group wherein: (i) R 2 and R 3l 
independently of each other, are selected from a hydrogen atom, a (CVCe) alkyl group, 
(C 3 -C 6 )cycloalkyl(C 6 -C 12 )aryl group or (C 5 -C 12 ) heteroaryl group comprising 1 to 3 
heteroatoms; or (ii) R 2 and R 3 together form a straight or branched hydrocarbon chain 
having from 2 to 6 carbon atoms, optionally comprising one or more double bonds and/or 
optionally interrupted by a nitrogen, sulfur or oxygen atom; 

R 4 is a halogen atom or a (C^Ce) alkyl, (C 2 -C 6 ) alkyl, (C 2 -C 6 ) alkynyl, or phenyl group 
or a OR 2l SR 2 or NR 2 R 3 group wherein R 2 and R 3 are as defined above; 

R 5 arid R 5 \ independently of each other, are selected from a hydrogen atom, a (CVCe) 
alkyl group, a phenyl group, a substituted phenyl group or a (CrCe) alkylphenyl group, 
which may or may not be substituted, or, R 5 and R 5 ' together form a straight or branched 
hydrocarbon chain having from 2 to 6 carbon atoms, optionally comprising one or more 
double bonds and/or optionally interrupted by a nitrogen or sulfur, oxygen atom; 

R 7 and R 8 , independently of each other, are selected from a hydrogen atom and a OR 2 
group, R 2 being as defined above, 

the alkyl, cycloalkyl, aryl, heteroaryl, alkyl and alkynyl groups and the hydrocarbon 
chain defined above, optionally substituted by one or more identical or different 
substituents, preferably selected from a halogen atom, an OH, =0, N0 2l NH 2 , CN, COOH 
or CF 3 group, a (CVCe) alkoxy group and a NHCOR 2 or CONR 2 R 3 group, wherein and R 2 
and R 3 are as defined above, 

for the preparation of a pharmaceutical composition intended to inhibit a cyclic 
nucleotide phosphodiesterase, and in particular of phosphodiesterase 4 (PDE4). 

• 2. A compound of General Formula (I) or (I 1 ) as defined in claim 1 , wherein R 4l R 5 , R 5 , 
R 7 and R 8 as are as defined in claim 1 and Ri is a (Ci-C 6 ) alkyl group, (C 3 -C 6 ) cycloalkyl 
group, (Ci-CeJalkyKCe-C^aryl group, or a (C 5 -C 18 ) heteroaryl group comprising 1 to 3 
heteroatoms, or a OR 2l SR 2 or NR 2 R 3 group wherein: (i) R 2 and R 3| independently of each 
other, are selected from a hydrogen atom, a (d-CeJalkyl group, (C 3 -C 6 ) 
cycloalkyl(C 6 -C 12 )aryl group, or a (C 5 -C 12 ) heteroaryl group comprising 1 to 3 
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heteroatoms; or (ii) R 2 and R 3 together form a straight or branched hydrocarbon chain 
having from 2 to 6 carbon atoms, optionally comprising one or more double bonds and/or 
optionally interrupted by a nitrogen, sulfur or oxygen atom. 

3. A compound of General Formula (I) or (P) 




wherein R 4l R 5 , R 5 \ R 7 and R 8 as are defined in claim 1, excluding compounds of 
Formula (I) wherein R 5 represents a substituted phenyl or (CVCe) alkyl radical and R 5 
represents an hydrogen atom, and excluding compounds of Formula (I) wherein R 5 and 
R 5 , simultaneously represent a hydrogen atom, in particular when R 7 and R 8 represent a 
methoxy group and Ri represents a diethoxyphenyl or 3-chlorophenyl group. 

4. A compound of General Formula (I) or (P) 




wherein R 4 , R 5 , R-5, R 7 and R 8 are as defined in claim 1 and is a heteroaryl group. 
5. A compound of General Formula (I) or (P) 




wherein R^ R 4( R 5 and R' 5 [sic] are as defined in claim 1 and R 7 and R 8 represent an, 
ethoxy group, with the exception of the compound 
1-(2-chlorophenyl)-4-methyl-7,8-diethoxy-5H-2,3-benzodiazepine. 

6. A compound of Formula (I) according to claim 5 wherein R 4 and R 5 represent a 
hydrogen atom or a {C^C 6 ) alkyl radical, R 4 and R 5 not [each] simultaneously being an 
hydrogen atom, and R 5 preferably representing a (C r C 6 ) alkyl radical 

7. A compound of General Formula (I) 
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R 5 \ A R 4 



R, 



R, 



(I) 



wherein R 1f R 5 , R' 5 [sic] , R 7 and R 8 are as defined in claim 1 and R 4 is a halogen atom, 
a (C 2 -C 6 ) alkyl, (C 2 -C 6 ) alkynyl, or phenyl group or an OR 2 , SR 2 or NR 2 R 3 group wherein 
R 2 and R 3 are as defined in claim 1 . 

8. A compound of General Formula (I) or (!') 



wherein R 4 , R 5> R' 5 [sic] , R 7 and R 8 are as defined in claim 1 and Ri is: (i) a (CVCe) 
alkyl group, (C 3 -C 6 ) cycloalkyl group, or (C 5 -C|2) heteroaryl group comprising 1 to 3 
heteroatoms; or (ii) an OR 2 , SR 2 or NR 2 R 3 group wherein R 2 and R 3 are as defined in 
claim 1. 

9. A compound of General Formula (I) as defined in claim 1 , characterized in that R 4 is 
selected from a halogen atom, and preferably chlorine, a (C 2 -C 6 ) alkynyl group, or a 
NR 2 R 3 group wherein: (i) R 2 and R 3 , independently of each other, are selected from a 
hydrogen atom, a (Ci-C 6 ) alkyl or a (C^C 6 ) hydroxyalkyl group; or (ii) R 2 and R 3 together 
form a chain of the formula -(CH 2 ) m -(0)n-(CH 2 ) 2 - wherein m is an whole number from 2 to 
3 and n is equal to 0 or 1 . 

10. A compound of General Formula (I) as defined in claim 1, characterized in that R 4 
represents an NR 2 R 3 group wherein: (i) R 2 represents a hydrogen atom and R 3 is 
selected from a (d-C 6 ) alkyl or (d-C 6 ) hydroxyalkyl group: or (ii) R 2 and R 3 together form 
a chain of the formula (CH 2 ) m -(0) n -(CH 2 ) 2 wherein m is an whole number from 2 to 3, and 
preferably equal to 2, and n is equal to 0 or 1 . 

11. A compound of General Formula (I') as defined jn claim 1 , characterized in that 
js a substituted phenyl group or an optionally substituted naphtyl group. 

12. A compound of General Formula (I) according to claim 1, characterized in that R y 
is an unsubstituted phenyl group, R 4 is a halogen, a (C 2 -C 6 ) alkyl or (C 2 -C 6 ) alkynyl group, 
or an NR 2 R 3 group wherein: (i) R 2 and R 3 , independently of each other, are selected from 
a hydrogen atom or a (Ci-C 6 ) alkyl group; or (ii) R 2 and R 3 together form a (CH 2 ) n group, 
n being a whole number between 3 and 6 inclusive, or a (CH 2 ) 2 (0)(CH 2 ) 2 group, R 5 and 
R 5 ' are [each] a hydrogen atom and R 7 and R 8 [each] represent an OMe group. 
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13, A compound of General Formula (I) or (I') 




wherein is a heteroaryl group, R 7 and R 8 [each] represent a, ethoxy group, and R 4l 
R 5 and R' 5 [sic] are as defined in claim 1. 

14. A compound according to claim 1 3, characterized in that R 4 is a (CVC3) alkyl group, 
R 5 is a hydrogen atom or a ((VC3) alkyl group, and R 5 ' is a hydrogen atom. 

15. A compound according to [any] one of claims 2 to 14 selected from the following 
compounds: 

-7,8-dimethoxy-1-(2-naphthyl)-3,5-dihydro-4H-2,3-benzodiazepin-4-one l 

-1-(4-chlorophenyl)-7 l 8-dimethoxy"3 l 5-dihydro-4H-2,3-benzodiazepin-4-one l 

-y^-dimethoxy-l^-phenylphenyO-S^-dihydro^H^.S-benzodiazepin^-one, 

-1-(5-chloro-2-naphtyl)-7,8-dimethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one, 

-1 (2-benzo[b]thienyl)-7,8-dimethoxy-3,5-dihydro-4H-2,3-benzodiazepin-4-one, 

-l-CS-chlorophenyO-y^-diethoxy-S.S-dihydro^H^^-benzodiazepin^-one, 

^-(benzolblthienyO-y.S-diethoxy-S-ethyl-S^-dihydro^H^.S-benzodiazepin^one, 

-y.S-dimethoxy-I^S-phenylphenyO-S.S-dihydro^H^^-benzodiazepin^-one, 

-1 -(benzo[b]thiehyl)-7,8~diethoxy-5-ethyl-4-methyl-5H-2,3-benzodiazepine, 

-1-(benzo[b]thienyl)-7,8-diethoxy-4-methyl-5H-2,3-benzodiazepine, 

1-(2-benzo[b]tHienyl)-7 > 8-diethoxy-5-n-propyl-3 J 5-dihydro-4H-2,3benzodiazep 

ne, 

l^cinnamylH.S-diethoxy-S-ethyl-S.S-dihydro^H^.S-benzodiazepin^-one 

7,8-diethoxy-5-ethyl-1-(2-fluorophenyl)-3,5-dihydrO"4/-/-2,3-benzodiazepin-4"One 

1-(2-chlorophenyl)-7 l 8-diethoxy-5-ethyl-3,5-dihydro--4/-/-'2 l 3-benzodiazepin-4-one 

7,8-diethoxy-5-ethyl-1-(2-hydroxyphenyl)-3,5-dihydro-4H-2,3-benzodiazepin-4-one 

7,8-diethoxy-5-ethyl-1-(2-methoxyphenyl)-3,5-dihydro-4/-/-2,3-benzodiazepin-4-one 

1-(2-benzo[b]thienyl)-7,8Hdiethoxy^^ 

1-(cinnamyl)-7,8-diethoxy-5-ethyl-4-methyl-5/-/-2,3-benzodiazepine 

7,8-diethoxy-5-ethyl-1-(2-fluorophenyl)-4-methyl-5H-2,3-benzodiazepine 

1-(2-chlorophenyl)-7,8-diethoxy-5-ethyl-4-methyl>5/-/-2 l 3-benzodiazepine 

7,8-diethoxy-5-ethyl-1-(2-hydroxyphenylH-methyl-5H-2,3-benzodiazepine 

7,8-diethoxy-5-ethyl-1-(2-methoxyphenylH-methyl-5H-2,3-benzodiazepine 

and salts thereof. 

16. A composition comprising a compound according to [any] one of claims 2 to 15 
and a pharmaceutical^ acceptable vehicle or excipient. 

17. Use of a compound according to [any] one of claims 2 to 15 for the preparation oP 
a drug intended for the treatment of a central nervous system pathology. 

18. Use of a compound according to [any] one of claims 2 to 15 for the preparation of 
a drug intended for the treatment of neuroinflammation. 
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1 9. Use of a compound according to [any] one of claims 2 to 1 5 for the preparation of 
a drug intended for the treatment of depression. 

20. A method of preparing a compound according to one of claims 1 to 1 5, comprising 
reacting a compound of Formula (I) wherein R 4 is a chlorine atom with: 

- if R 4 is a NR 2 R 3 group, a compound of the formula HNR 3 R 4l in a protic solvent 
at ambient temperature; 

- if R4 is a (Ci-Ce) alkyl group, a compound of the formula R 4 Li, in an anhydrous 
solvent at a temperature of between -20 and -80°C; 

- if R 4 is a (C^Ce) alkyl group, a compound of the formula 
1-alkenylcatecholborane, in the presence of a palladium catalyst, in an 
acetonitrile type solvent, at a temperature of between 50 and 80°C; 

- if R 4 in the formula of the end product is a (Ct-C 6 ) alkyn-1-yle group, by 
reaction with a compound of the formula R 4 H in the presence of copper iodide, 
palladium chloride, triphenylphosphine, and a base ; 

- if R 4 in the formula of the end product is a (C 6 -C 12 ) aryl group, by reaction with 
a compound of the formula R 4 B(OH) 2 > potassium phosphate and 
fefra/c/s-(triphenylphosphine)Pd(0), at a temperature of between 80 and 
120°C, and preferably approximately 100°C; 

- if R 4 in the formula of the end product is a OR 2 group, by reaction with an 
alcohol of the formula HOR 2 at ambient temperature; 

- if R 4 in the formula of the end product is a SR 2 group, by reaction with a thiol of 
the formula R 4 SH; or 

- if R 4 in the formula of the end product is an SH group, by treating compounds 
wherein R 4 is an OH group with Lawesson's reagent. 

21 . A method of preparing of a compound of Formula (I) according to claim 1 , wherein 
R 4 represents a chlorine atom, comprising reacting a compound of Formula (V) as defined 
in claim 1 with POCI 3 . 

22. A method of preparing of a compound of General Formula (I') according to claim 1 , 
comprising the following steps: 

- reacting a compound of General Formula (II) 



wherein R 5 , R 5 \ R 7 and R 8 are as defined in claim 1 and R 9 represents a C1-C4 alkyl 
group, and preferably methyl, with a compound which comprises an acylating group of 
the formula R1CO, to obtain a compound of Formula (III) wherein R 1f R 5 , R 5 \ R7 and R 8 
are as defined in claim 1; and 

- reacting the compound of Formula (III) 
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with hydrazine to obtain a compound of Formula (I 1 ) wherein R lf R 5l R 5 \ R 7 and R 8 are 
defined in claim 1 . 



i 
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(57) Abstract: The invention 
concerns novel 2,3 -benzodi- 
azepine derivatives and their 
uses in the therapeutic field. The 
invention also concerns methods 
for preparing them and novel 
synthesis intermediates. The 
inventive compounds correspond 
more particularly to general 
formula (I) or (T). 



(57) Abrege : L' invention concerne de nouveaux derives de type 2,3-benzodiazepines et leurs applications dans le domaine thera- 
peutique. Elle concerne egalement des process pour leur preparation et de nouveaux intermSdiaires de synthese. Les composes de 
T invention repondent plus particulierement a la formule generate (I) ou (I*). 
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Composes inhibiteurs des phosphodiesterases des nucleotides cycliques, 

preparation et utilisations 

» 

L'invention concerne de nouveaux derives de type 2,3 -benzodiazepines et 
5 leurs applications dans le domaine therapeutique. Elle concerne egalement des 
procedes pour leur preparation et de nouveaux intermediaires de synthese. 

Les composes dont la synthese est decrite dans la pr6sente invention sont 
nouveaux et presentent des proprietes pharmacologiques tres interessantes : ce 

10 sont des inhibiteurs des phosphodiesterases des nucleotides cycliques et tout 
particulierement de PAMPc-phosphodiesterase de type 4 (PDE4), et a ce titre, ils 
presentent des applications therapeutiques tres interessantes. 

Les fonctions de la plupart des tissus sont modulees par des substances 
endogenes (hormones, transmetteurs, etc.) ou exogenes. Certaines de ces 

15 substances voient leur effet biologique relaye au niveau intracellulaire par des 
effecteurs enzymatiques, comme l'adenylate cyclase ou la guanylate cyclase. La 
stimulation de ces enzymes entraine une elevation des taux intracellulaire d'AMP 
cyclique (AMPc) ou de GMP cyclique (GMPc), seconds messagers impliques 
dans la regulation de nombreuses activites cellulaires. Ces nucleotides cycliques 

20 sont degrades par une famille d'enzymes, les phosphodiesterases (PDE), divisee 
en au moins 7 groupes. L'un d^entre eux, la PDE4, est presente dans de tres 
nombreux tissus (cceur, cerveau, muscle lisse vasculaire ou tracheobronchique, 
etc. . .) et hydrolyse specifiquement TAMP cyclique. 

Les inhibiteurs de PDE4, en ralentissant la degradation de TAMP cyclique, 

25 augmentent ou maintiennent le taux d'AMPc dans les cellules, et trouvent leur 
application en particulier dans le traitement de maladies inflammatoires ou de 
pathologies de la musculature lisse tracheobronchique, en associant a la fois un 
effet anti-inflammatoire a une relaxation du muscle lisse. 
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La demanderesse a maintenant mis en evidence les effets inhibiteurs de 
phosphodiesterases de nucleotides cycliques de certaines 2,3-benzodiazepines ou 
benzodiazepin-4-ones, notamment inhibiteurs de la PDE4. L' invention decrit 
egalement de nouveaux composes presentant une puissante activite inhibitrice de 

5 la PDE4, et possedent preferentiellement un excellent profil de selectivity vis-a- 
vis des autres isoformes de PDE, notamment une action faible sur la PDE3. En 
outre, les composes preferes selon Tinvention possedent des proprietes anti- 
inflammatoires et/ou des effets centraux importants (anticonvulsivants, 
anxiolytiques, sedatifs, antidepresseurs), et sont avantageusement denues d'effets 

10 hypotenseurs ou emetiques. 

L' invention a plus particulierement pour objet Tutilisation de composes de 
formule generale (I) ou (T) 



15 




dans lesquelles : 

. R! est un groupe (C r C 6 ) alkyle, (C 3 -C 6 ) cycloalkyle, (C 6 -Ci 8 ) aryle, (C 6 - 
20 C 18 )aryle(CrC 4 )alkyle, (CrC 6 )alkyle(C 6 -C !8 )aryle, (C 5 -Ci 8 ) het^roaryle 
comportant 1 a 3 heteroatomes, ou un groupe OR 2 , SR 2 ou NR2R3 dans lequel (i) 
R 2 et R 3 , independamment Tun de Tautre, sont choisis parmi un atome 
d'hydrogene, un groupe (C r C 6 ) alkyle, (C 3 -C 6 ) cycloalkyle (C 6 -C| 2 ) aiyle, (C 5 - 
C| 2 ) h&eroaryle comportant 1 a 3 heteroatomes ou (ii) R 2 et R 3 forment ensemble 
25 une chaine hydrocarbonee lin6aire ou ramifiee ayant de 2 a 6 atomes de carbone, 
comportant 6ventuellement une ou plusieurs doubles liaisons et/ou 
6ventuellement interrompue par un atome d'oxygene, de soufre ou d'azote ; 
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. R4 est un atome d'halogene ou un groupe (C r C 6 ) alkyle, (C 2 -C 6 ) alkenyle, (C 2 - 
C 6 ) alkynyle, phenyle ou un groupe OR 2 , SR 2 ou NR 2 R 3 dans lequel R 2 et R 3 sont 
tels que definis ci-dessus ; 

5 

. R 5 et R 5 \ independamment Tun de Tautre, sont choisis parmi un atome 
d'hydrogene, un groupe (C r C 6 ) alkyle, un groupe phenyle, un groupe phenyle 
substitue ou un groupe (Ci-Ce) alkylphenyle, substitue ou non, ou, R 5 et R5' 
forment ensemble une chaine hydrocarbonee lineaire ou ramifiee ayant de 2 a 6 
10 atomes de carbone, comportant eventuellement une ou plusieurs doubles liaisons 
et/ou eventuellement interrompue par un atome d'oxygene, de soufre ou d'azote ; 

. R 7 et R 8 , independamment Tun de Pautre, sont choisis parmi un atome 
d'hydrogene et un groupe OR 2 , R 2 etant tel que defini ci-avant, 

15 

les groupes alkyle, cycloalkyle, aryle, heteroaryle, alkenyle , alkynyle et la chaine 
hydrocarbonee definie ci-dessus etant eventuellement substitues par un ou 
plusieurs substituants, identiques ou diff6rents, choisis de preference parmi un 
atome d'halogene, un groupe OH, =0, N0 2 , NH 2 , CN, COOH, CF 3 , un groupe 
20 (C r C 6 ) alkoxy et un groupe NHCOR 2 ou CONR 2 R 3 , dans lequel et R 2 et R 3 sont 
tels que d6finis ci-avant, 

pour la preparation d'une composition pharmaceutique destinee k V inhibition 
d'une phosphodiesterase des nucleotides cycliques, notamment de la 
25 phosphodiesterase 4 (PDE4). invention concerne plus particulierement 
Tutilisation des composes ci-dessus pour le traitement des pathologies impliquant 
une deregulation des taux intracellulars d' AMP cyclique. 
L' invention a egalement pour objet des composes nouveaux de formule generale 
(I) ou (F) telles que definies ci-dessous. 
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L' invention concerne egalement des compositions pharmaceutiques 
comprenant un ou plusieurs composes tels que definis ci-avant, et un vehicule ou 
un excipient acceptable sur le plan pharmaceutique. 

Selon Tinvention, le terme "alkyle" designe un radical hydrocarbone 
lineaire ou ramifie ayant avantageusement de 1 a 6 atomes de carbone, tel que 
methyle, ethyle, propyle, isopropyle, butyle, isobutyle, ter?-butyle, pentyle, 
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(57) Abstract: The invention 
concerns novel 2,3 -benzodi- 
azepine derivatives and their 
uses in the therapeutic field. The 
invention also concerns methods 
for preparing them and novel 
synthesis intermediates. The 
inventive compounds correspond 
more particularly to general 
formula (I) or (!'). 



(57) Abrege : L' invention concerne de nouveaux derives de type 2,3-benzodiazepines et leurs applications dans le domaine thera- 
peutique. Elle concerne egalement des process pour leur preparation et de nouveaux intermecliaires de synthese. Les composes de 
V invention repondent plus particulierement a la formule g^n^rale (I) ou (!'). 
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Composes inhibiteurs des phosphodiesterases des nucleotides cycliques, 

preparation et utilisations 

L'invention conceme de nouveaux derives de type 2,3 -benzodiazepines et 
5 lews applications dans le domaine therapeutique. Elle concerne egalement des 
procedes pour leur preparation et de nouveaux intermediaires de synthese. 

Les composes dont la synthese est decrite dans la pr6sente invention sont 
nouveaux et presentent des proprietes pharmacologiques tres interessantes : ce 

10 sont des inhibiteurs des phosphodiesterases des nucleotides cycliques et tout 
particulierement de FAMPc-phosphodiesterase de type 4 (PDE4), et a ce titre, ils 
presentent des applications therapeutiques tres interessantes. 

Les fonctions de la plupart des tissus sont modulees par des substances 
endogenes (hormones, transmetteurs, etc.) ou exogenes. Certaines de ces 

15 substances voient leur effet biologique relaye au niveau intracellulaire par des 
effecteurs enzymatiques, comme Tadenylate cyclase ou la guanylate cyclase. La 
stimulation de ces enzymes entraine une elevation des taux intracellulaire d'AMP 
cyclique (AMPc) ou de GMP cyclique (GMPc), seconds messagers impliques 
dans la regulation de nombreuses activites cellulaires. Ces nucleotides cycliques 

20 sont degrades par une famille d'enzymes, les phosphodiesterases (PDE), divisee 
en au moins 7 groupes. L'un d'entre eux, la PDE4, est presente dans de tres 
nombreux tissus (coeur, cerveau, muscle lisse vasculaire ou tracheobronchique, 
etc. . .) et hydrolyse specifiquement TAMP cyclique. 

Les inhibiteurs de PDE4, en ralentissant la degradation de TAMP cyclique, 

25 augmentent ou maintiennent le taux d'AMPc dans les cellules, et trouvent leur 
application en particulier dans le traitement de maladies inflammatoires ou de 
pathologies de la musculature lisse tracheobronchique, en associant a la fois un 
effet anti-inflammatoire a une relaxation du muscle lisse. 
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La demanderesse a maintenant mis en evidence les effets inhibiteurs de 
phosphodiesterases de nucleotides cycliques de certaines 2,3-benzodiazepines ou 
benzodiazepin-4-ones, notamment inhibiteurs de la PDE4. L'invention decrit 
egalement de nouveaux composes presentant une puissante activite inhibitrice de 

5 la PDE4, et possedent preferentiellement un excellent profil de selectivity vis-a- 
vis des autres isoformes de PDE, notamment une action faible sur la PDE3- En 
outre, les composes preferes selon Tinvention possedent des proprietes anti- 
inflammatoires et/ou des effets centraux importants (anticonvulsivants, 
anxiolytiques, sedatifs, antidepresseurs), et sont avantageusement denues d'effets 

10 hypotenseurs ou emetiques. 

L'invention a plus particulierement pour objet Tutilisation de composes de 
formule generale (I) ou (F) 



15 




dans lesquelles : 

. Ri est un groupe (C r Q) alkyle, (C 3 -C 6 ) cycloalkyle, (C 6 -Ci 8 ) aryle, (C 6 - 
20 C 18 )aryle(C r C 4 )alkyle, (CrC 6 )alkyle(C 6 -C 18 )aryle, (C 5 -C 18 ) het6roaryle 
comportaht 1 a 3 heteroatomes, ou un groupe OR 2 , SR 2 ou NR2R3 dans lequel (i) 
R 2 et R 3 , independamment Tun de Tautre, sont choisis parmi un atome 
d'hydrogene, im groupe (C r C 6 ) alkyle, (C 3 -C 6 ) cycloalkyle (C 6 -C 12 ) aryle, (C 5 - 
Ci 2 ) heteroaryle comportant 1 a 3 heteroatomes ou (ii) R 2 et R 3 forment ensemble 
25 une chaine hydrocarbonee iineaire ou ramifiee ayant de 2 a 6 atomes de carbone, 
comportant Sventuellement une ou plusieurs doubles liaisons et/ou 
eventuellement interrompue par un atome d'oxygene, de soufre ou d'azote ; 
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. R4 est un atome d'halogene ou un groupe (C r C 6 ) alkyle, (C 2 -C 6 ) alkenyle, (C 2 - 
C 6 ) alkynyle, phenyle ou un groupe OR 2 , SR 2 ou NR 2 R 3 dans lequel R 2 et R 3 sont 
tels que definis ci-dessus ; 

5 

. R 5 et R 5 ', independamment l'un de l'autre, sont choisis parmi Un atome 
d'hydrogene, un groupe (C r C 6 ) alkyle, un groupe phenyle, un groupe phenyle 
substitu6 ou un groupe (C r C 6 ) alkylphdnyle, substitue ou non, ou, R 5 et R 5 ' 
forment ensemble une chaine hydrocarbonee lineaire ou ramifiee ayant de 2 a 6 
10 atomes de carbone, comportant eventuellement une ou plusieurs doubles liaisons 
et/ou eventuellement interrompue par un atome d'oxygene, de soufre ou d'azote ; 

. R 7 et R 8 , independamment Tun de l'autre, sont choisis parmi un atome 
d'hydrogene et un groupe OR 2 , R 2 etant tel que defini ci-avant, 

15 

les groupes alkyle, cycloalkyle, aryle, heteroaryle, alkenyle , alkynyle et la chaine 
hydrocarbonee definie ci-dessus etant eventuellement substitues par un ou 
plusieurs substituants, identiques ou differents, choisis de preference parmi un 
atome d'halogene, un groupe OH, =0, N0 2 , NH 2 , CN, COOH, CF 3 , un groupe 
20 (C|-C 6 ) alkoxy et un groupe NHCOR 2 ou CONR 2 R 3 , dans lequel et R 2 et R 3 sont 
tels que definis ci-avant, 

pour la preparation d'une composition pharmaceutique destinee a rinhibition 
d'une phosphodiesterase des nucleotides cycliques, notamment de la 
25 phosphodiest6rase 4 (PDE4). L'invention conceme plus particulierement 
l'utilisation des composes ci-dessus pour le traitement des pathologies impliquant 
une deregulation des taux intracellulaires d'AMP cyclique. 
L'invention a egalement pour objet des composes nouveaux de formule generale 
(I) ou (I*) telles que definies ci-dessous. 
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L'invention concerne egalement des compositions phannaceutiques 
comprenant un ou plusieurs composes tels que definis ci-avant, et un vehicule ou 
un excipient acceptable sur le plan pharmaceutique. 

5 Selon Tinvention, le terme "alkyle" designe un radical hydrocarbone 

lineaire ou ramifie ayant avantageusement de 1 a 6 atomes de carbone, tel que 
methyle, ethyle, propyle, isopropyle, butyle, isobutyle, terf-butyle, pentyle, 
neopentyle, n-hexyle. Les groupes en C r C 4 sont preferes. Les groupes alkyles 
peuvent etre substitues par un groupe aryle tel que defini ci-apres, auquel cas on 

10 parle de groupe arylalkyle. Des exemples de groupes arylalkyle sont notamment 
benzyle et phenetyle. 

Le terme « cycloalkyle » designe un systeme hydrocarbone cyclique, 
pouvant comprendre avantageusement de 3-6 atomes de carbone et etre mono- ou 
poly-cyclique. On peut citer notamment les groupes cyclopropyle et cyclohexyle. 

15 Les groupes « aryle » sont des systemes hydrocarbones aromatiques mono- 

, bi- ou tri-cycliques, preferentiellement des systemes hydrocarbones aromatiques 
monocycliques ou bi-cycliques ayant de 6 a 18 atomes de carbone, encore plus 
preferentiellement 6 atomes de carbone. On peut citer par exemple les groupes 
phenyle, naphtyle et bi-phenyle. 

20 Les groupes « heteroaryles » d^signent des systemes hydrocarbones 

aromatiques tels que dSfinis ci-dessus comprenant un ou plusieurs h6teroatomes 
cycliques. II s'agit preferentiellement de systemes hydrocarbones aromatiques 
cycliques comportant de 5 a 18 atomes de carbone et 1 ou plusieurs heteroatomes 
cycliques, notamment de 1 a 4 heteroatomes cycliques choisis parmi N, O ou S. 

25 Parmi les groupes heteroaryle preferes, on peut citer notamment les groupes 
benzothienyle, benzofuryle, pyrrolidinyle, morpholino, thiazolyle, thienyle, 
furyle, pyranyle, pyrrolyle, 2H-pyrrolyle, imidazolyle, benzymidazolyle, 
pyrazolyle, isothiazolyle, isoxazolyle et indolyle. 

Les groupes aryles et heteroaryles peuvent etre substitues par un groupe 

30 alkyle, alkenyle ou alkynyle tels que definis ci-dessus. Dans le cas, d'un aryle ou 
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d'un heteroaryle substitu6 par un groupe alkyle on parle de groupe alkylaryle. Des 
exemples de groupes alkylaryle sont notamment tolyle, mesythyle et xylyle. Dans 
le cas, d'un aryle ou d'un heteroaryle substitue par un groupe alkenyle On parle de 
groupe alkenylaryle. Des exemples de groupes alkenylaryle sont notamment le 

5 groupe cinnamyle. Dans le cas, d'un aryle ou d'un heteroaryle substitue par un 
groupe alkynyle on parle de groupe alkynylaryle. 

Les groupes « alkenyles » sont des radicaux hydrocarbones lineaires ou 
ramifies comportant une ou plusieurs double-liaisons. lis comportent 
avantageusement de 2 a 6 atomes de carbone et, preferentiellement, 1 ou 2 

10 double-liaisons. Les groupes alkenyles peuvent etre substitu6s par un groupe aryle 
tel que defini ci-avant, auquel cas on parle de groupe arylalkenyle. 

Les groupes « alkynyles » sont des radicaux hydrocarbones lineaires ou 
ramifies comportant une ou plusieurs triple-liaisons. lis comportent 
avantageusement de 2 a 6 atomes de carbone et, preferentiellement, 1 ou 2 

15 double-liaisons. Les groupes alkynyles peuvent etre substitues par un groupe 
aryle tel que d6fmi ci-avant, auquel cas on parle de groupe arylalkynyle. 

Les groupes « alkoxy » correspondent aux groupes alkyle et cycloalkyle 
definis ci-dessus relies au noyau par l'mtermediaire d'une liaison -0- (ether). On 
pr6fere tout particulierement les groupes methoxy ou ethoxy. 

20 Par « halogene », on entend un atome de fluor, de chlore, de brome ou 

d'iode. 

Par « heteroatome » on entend un atome choisi parmi O, N et S. 

Plus particulierement, 1'invention a pour objet des composes de formule 
25 generate (I) ou (I') telle que definie precedemment dans laquelle R4, R 5 , R 5 ', R 7 et 
R 8 sont tels que d6finis ci-dessus et Ri est un groupe (CpC6) alkyle, (C 3 -C 6 ) 
cycloalkyle, (C r C 6 )alkyle(C 6 -Ci8)aryle, (C 5 -Ci 8 ) heteroaryle comportant 1 a 3 
heteroatomes, ou un groupe OR 2 , SR 2 ou NR 2 R 3 dans lequel (i) R 2 et R 3 , 
independamment l'un de l'autre, sont choisis parmi un atome d'hydrogene, un 
30 groupe (C,-C 6 ) alkyle, (C 3 -C 6 ) cycloalkyle (C 6 -C, 2 ) aryle, (C 5 -C 12 ) heteroaryle 
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comportant 1 a 3 heteroatomes ou (ii) R2 et R 3 forment ensemble une chaine 
hydrocarbonee lineaire ou ramifiee ayant de 2 a 6 atomes de carbone, comportant 
eventuellement une ou plusieurs doubles liaisons et/ou eventuellement 
interrompue par un atome d'oxygene, de soufre ou d' azote. 

5 

Ainsi, Tinvention a plus particulierement pour objet des composes de 
formule generale (I) ou (T) telles que definies ci-dessus, dans lesquelles Rl, R4, 
R5, R5\ R7 et R8 sont tels que definis ci-dessus, a r exclusion des composes dans 
lesquels : 

10 - Rj represente le groupe 3,4-dimethoxyphenyle, R4 represente methyle, R 5 
represente ethyle, R 5 ' represente hydrogene et R 7 et R% represented 
methoxy ; 

- Ri represente le groupe 4-aminophenyle, R4 represente methyle, R 5 et R 5 ' 
representent hydrogene et R 7 et R 8 representent methoxy ; 
15 - Ri represente le groupe 3-chlorophenyle, R4 represente methyle, R 5 et R 5 ' 
representent hydrogene et R 7 et R 8 representent methoxy 

L'invention a egalement pour objet des composes de formule g6n6rale (I) 
ou (F) telle que definie precedemment, k Texclusion des composes de formule (I) 
20 dans laquelle R 5 represente un radical (C r C 6 ) alkyle ou phenyl substitue et R 5 » 
represente un atome d'hydrogene et a l'exclusion des composes de formule (I) 
dans laquelle R 5 et R 5 » representent simultanement un atome d'hydrogdne, 
notamment lorsque R 7 et R 8 representent un groupe methoxy et Ri represente un 
groupe diethoxyphenyle ou 3-chlorophenyle. 

25 

L'invention a egalement pour objet des composes de formule generale (I) 
dans laquelle R u R4, R 5 , Rs\ R 7 et R 8 sont tels que definis ci-dessus sous reserve 
que R4 ne represente pas methyle. 

L'invention a egalement pour objet des composes de formule generale (I) 
30 dans laquelle Ri, R 5 , R7 et R 8 sont tels que definis ci-dessus et R4 est un 
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atome d'halogene ou un groupe (C 2 -C 6 ) alkenyle, (C 2 -C 6 ) alkynyle, phenyle ou 
un groupe OR 2 , SR 2 ou NR 2 R3 dans lequel R 2 et R 3 sont tels que definis ci-dessus. 

L'invention a en outre pour objet des composes de formule generale (I) ou 
(F) dans laquelle R4, R 5 , R 5 ', R 7 et Rg sont tels que definis ci-dessus et Ri est (i) 
5 un groupe (C r C 6 ) alkyle, (C 3 -C 6 ) cycloalkyle ou (C 5 -Ci 2 ) heteroaryle comportant 
1 a 3 heteroatomes, ou (ii) un groupe OR 2 , SR 2 ou NR 2 R 3 dans lequel R 2 et R 3 
sont tels que definis ci-dessus. 

On prefere les composes de formule generale (I) ci-dessus dans laquelle R4 
est choisi parmi un atome d'halogene de preference chlore, un groupe (C 2 -C 6 ) 
10 alkynyle, et un groupe NR 2 R 3 dans lequel (i) R 2 et R 3 independamment l'un de 
F autre, sont choisis parmi un atome d'hydrogene, un groupe (C r C 6 ) alkyle, (Q- 
C6) hydroxyalkyle ou (ii) R 2 et R 3 forment ensemble une chaine de formule - 
(CH 2 ) m -(0) n -(CH 2 ) 2 dans laquelle m est un nombre entier de 2 a 3 et n est egal a 0 
ou 1. 

15 Dans un mode particulier de realisation de l'invention, R4 represente le 

groupe NR 2 R 3 dans lequel (i) R 2 represente un atome d'hydrogene et R 3 est choisi 
parmi un groupe (C r C 6 ) alkyle et (C r C 6 ) hydroxyalkyle ou (ii) R 2 et R 3 forment 
ensemble une chaine de formule -(CH 2 ) m -(0)„-(CH 2 ) 2 - dans laquelle m est un 
nombre entier de 2 a 3, de preference egal a 2, et n est egal a 0 ou 1. Un groupe 

20 particulier comprend les composes dans lesquels R4 represente le groupe NR 2 R 3 , 
R 2 et R 3 repr6sentant chacun un groupe (Ci-C 6 ) alkyle. 

1 

Dans un mode particulier de realisation de Tinvention, les composes de 
formule (F) sont tels que definis ci-dessus avec Rj est un groupe phenyle 
25 substitue ou un groupe naphtyle eventuellement substitue. 

Selon un autre mode de realisation de Tinvention, les composes de formule 
generate (I) ou (F) sont tels que definis ci-avant avec Ri est un groupe (C 6 -Ci 8 ) 
aryle, de preference un groupe phenyle non substitue. 

Un autre groupe prefere comprend les composes de formule generate (I) ou 
30 (F) telle que definie ci-dessus dans lesquelles Ri est un groupe heteroaryle, 
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substitue ou non. De tels composes presentent une action inhibitrice des 
phosphodiesterases particulierement prononcee. 

Un autre groupe particulierement prefere est constitue par les composes de 
5 formule generate (I) ou (T) telles que defmies ci-dessus dans lesquelles R 7 et Rg 
representent un groupe ethoxy, a l'exception du compose l-(2-chlorophenyl)-4- 
methyl-7,8-diethoxy-5/f-2 J 3-benzodiaz6pine. Comme illustre dans les exemples, 
de tels composes presentent une action inhibitrice des phosphodiesterases 
particulierement prononcee. 
10 Dans ce cadre, les composes preferes de formule (I) sont ceux pour 

lesquels de formule (I) dans laquelle R4 et R5 representent un atome d'hydrogene 
ou un radical (C1-C6) alkyle, R4 et R5 n'etant pas simultanement un atome 
d'hydrogene, R5 representant avantageusement un radical (CI -C6) alkyle. 

15 Des composes particuliers sont les composes de formule generate (I) dans 

laquelle K\ est un groupe phenyle non substitue, R4 est un halogene, un groupe 
(C 2 -C 6 ) alkyle, (C 2 -C 6 ) alkynyle, ou un groupe NR2R3 dans lequel (i) R 2 et R 3 , 
independamment l'un de l'autre, sont choisis parmi un atome d'hydrogene ou un 
groupe (Ci-C 6 ) alkyle ou (ii) R 2 et R 3 forment ensemble un groupe (CH 2 ) n , n etant 

20 un entier compris entre 3 et 6 inclus ou un groupe (CH 2 ) 2 0(CH 2 ) 2 , R 5 et R 5 ' sont 
un atome d'hydrogene et R 7 et R 8 representent un groupe OMe. 

D'autres composes particulierement avantageux sont les composes de 
formule generate (I) ou (I') dans laquelle Ri est un groupe hdteroaryle, R 7 et R 8 
25 representent un groupe ethoxy, et R4, R 5 et R' 5 sont tels que definis ci-avant. De 
preference, R4 est un groupe (C|-C 3 )alkyle, R 5 est un atome d'hydrogene ou un 
groupe (Ci-C 3 )alkyle, et R 5 ' est un atome d'hydrogene. 

De maniere generate les composes de formule (I) ou (I') presentant 
30 l'activite la meilleure sont ceux pour lesquels : 
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- R| est un groupe phenyle substitute (en particulier 4-chlorophenyle, 
fluorophenyle, bromophenyle, hydroxyphenyle ou methoxyphenyle), 2- 
benzo[b]thienyle, 4-(2-furyl)phenyle, 2-naphtyl, 4-biphenyle, cinnamyle, 
et/ou 

5 - R4 est un groupe (C,-C 6 ) alkyle, (C 2 -C 6 ) alkynyle, ou un groupe SH, OH, 
en particulier un groupe (C1-C3) alkyle, notamment methyle ou 6thyle ; 
et/ou 

- R 5 et R 5 ' sont un atome d'hydrogene et/ou 

- R 5 est un groupe (C r C 3 ) alkyle, notamment ethyle ou propyle, et R 5 ' est 
10 un atome d'hydrogene, et/ou 

- R 7 et R 8 represented le groupe methoxy ou ethoxy, de preference ethoxy. 

Les composes tout particulierement preferes sont les suivants : 

-Tofisopam, Girisopam, N&isopam, 
1 5 -7,8-dimethoxy- 1 -(2-naphthyl)-3 ,5-dihydro-4//-2,3-benzodiazepin-4-one, 

- 1 -(4-chlorophenyl)-7,8-dimethoxy-3 ,5-dihydro-4#-2,3 -benzodiazepin-4-one, 

-7,8-dimemoxy-l-[(4-phenyl)ph6nyl]-3,5-aUhydW 

-l-(5-cMoro-2-naphtyl)-7,8-dimemoxyO,5-dmydro^//-2,3-ben^ 

-l-(2-beiizo[b]tMenyl)-7,8-dimemoxy-3,5-dmy^ 
20 - 1 -(3-chlorophenyl)-7,8-diemoxy-3,5-dihydro-4^-2,3-benzodiazepin-4-one, 

-l-(benzo[b]tto<myl)-7,8-diemoxy-5-e%l^^ 

one, 

-7,8-dime^oxy-l-[(3-phenyl)phenyl]-3,5-dihydro-4 
- 1 -(benzo[b]thienyl)-7,8-diethoxy-5-ethyl-4-methyl-5//-2,3 -benzodiazepine, 
25 - 1 -(benzo[b]thienyl)-7,8-diemoxy-4-memyl-5i/-2,3-benzodiazepine, 
4-(2-benzo[b]thienyl)-7,8-diethoxy-5-/i-propyl-3,5-dihydro-4/f-2,3- 
benzodiazepin-4-one, 

-l-(cinnamyl)-7,8-a^emoxy-5-emyl-3,5-dihydro-4//-2,3-benzodiazepin-4-one 
-7,8-diethoxy-5-ethyl- 1 -(2-fluorophenyl)-3,5-dihydro-4i/-2,3-benzodiazepin-4- 
30 one 
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- 1 -(2-cMorophenyl)-7,8-diethoxy-5-ethyl-3 ,5-dihydro-4#-2,3-benzodiazepin-4- 
one 

-7,8-cUemoxy-5-emyl-l-(2-hy(iroxyphenyl)-3,5^ 
one 

-7,8-diemoxy-5-emyl-l-(2-memoxyphenyl)-3,5-d% 
one 

-l-(2-beiizo[b]thienyl)-7,8-diemoxy-4-memyl^^ 

- 1 -(cimamyl)-7^-cliethoxy-5-ethyl-4-m6thyl-5//-2,3-benzodiazepine 

-7,8-diethoxy-5-6%l-l-(2-fluorophenyl)-4-methyl-5//-2,3-benzodiazepine 

-1^2-cWorophenyl)-7,8-cUethoxy-5-ethyl-4-methyl-5^-2,3-benzodiazepine 

-7,8-diethoxy-5-ethyl4-(2-hydroxyphenyl)-4-methyl-5/T-23-benzodiazepine 

-7,8-di6thoxy-5-ethyl-l-(2-methoxyphenyl)-4-methyl-5/f-2,3-benzodiazepine 

D'autres composes particuliers au sens de Finvention sont les composes 
suivants : 

7,8-dimemoxy-l-ph6nyl-3,5-dihydro-4i7-2,3-benzodiazepin-4-one, 

l-(3-chloroph6nyl)-7,8-dim6thoxy-4-memyl-5//-2,3-benzodiazepine, 

7,8-dimemoxy-4-methylamino- 1 -phenyl-5/f-2,3-benzodiazepine, 

7,8-dimethoxy- 1 -phenyl-4-(pyrrolidin- 1 -yl)-5#-2,3-benzodiazepine, 

7,8-dimemoxy-4-(N,N-dimemylamino)-l^ 

7,8-dimethoxy- 1 -phenyl-4-«-propylamino-5/f-2,3-benzodiazepine, 

7,8-dimethoxy-4-(l-morpholino)-l-phenyl-5//-2,3-benzodiazepine, 

4-(2-hydroxyethylamino)-7,8-dimethoxy- 1 -phenyl-5//-2,3 -benzodiazepine, 

4-chloro-7,8-dimethoxy- 1 -phenyl-5i/-2,3-benzodiazepine, 

7,8-dimethoxy- 1 -phenyl-4-(prop- 1 -ynyl)-5/f-2,3-benzodiazepine, 

7, 8-dimethoxy- 1 -phenyl-4-«-propyl-5//-2,3 -benzodiazepine, 

4-«-butyl-7,8-dimethoxy-l -phenyl -5^-2,3 -benzodiazepine, 

4-mercapto-7,8-dim6thoxy- 1 -phenyl-5//-2,3-benzodiazepine, 

7,8-dimemoxy-5-memyl-l-phenyl-3,5-dihydro-4//-2,3-benzodiazepin-4-one, 
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4,7,8-trimethoxy- 1 -phenyl-5#-2,3-benzodiazepine, 

l^benzyl-3,5-dihydro-7,8-dimethoxy-4/T-2,3-benzodiazepin-4-one, 

7,8-dimethoxy4-(7-m6thoxy-2-nathtyl)-3,5-dihydro-4/f-23-benzodiazepin-4- 

one, 

5 7,8-dimethoxy-4-methyl- 1 -phenyl-5#-2,3-benzodiazepine, 

l_(4.^ er ^butylphenyl)-7,8-(Umethoxy-3,5-dihydro-4/^23-benzodia26pin-4-one, 
l-(2-benzo[b]thienyl)-7-methoxy-3,5-dihydro-4//-2,3-benzodiazepin-4-one, 
l-(3-chloro-2-benzo[b]thienyl)-7,8-dimethoxy-3,5-dihydro-4^-2,3- 
benzodiazepin-4-one, 

1 0 1 -(4-bromophenyl)-7,8-dimethoxy-3 ,5-dihydro-4#-2,3 -benzodiazepin-4-one, 
l-(2,4-(UcWoroph6nyl)-73-dimethoxy-3,5-dihydro-4/f-23-benzodiazepin-4-one, 
l-(4-iodophenyl)-7,8-(iimethoxy-3,5-dihydro-4/r-2,3-benzodiaz6pin-4-one, 
l-(3-cWorophenyl)-73-dimethoxy-3,5-dihydro-4//-2,3-benzodiaz6pin-4-one, 
l-(5-chloro-2-benzo[b]furyl)-7,8-dimemoxy^,5-^ 

15 4-one, et 

l_(4-bromoph6nyl)-7,8-diin6thoxy-3,5-dihydro-4^-2,3-benzodiaz6pin-4-one. 

Les composes de l'invention peuvent etre sous forme de sels, notamment 
de sels d'addition basiques ou acides, preferentiellement compatibles avec un 

20 usage pharmaceutique. Parmi les acides pharmaceutiquement acceptables, on peut 
titer, a titre non limitatif, les acides chlorhydrique, bromhydrique, sulfurique, 
phosphorique, acetique, trifluoroacetique, lactique, pyruvique, malonique, 
succinique, glutarique, fumarique, tartrique, maleique, citrique, ascorbique, 
methane ou ethanesulfonique, camphorique, etc. Parmi les bases 

25 pharmaceutiquement acceptables, on peut citer a titre non limitatif, 1'hydroxyde 
de sodium, 1'hydroxyde de potassium, la tri&hylamine, la terf-butylamine, etc. 



L'invention a egalement pour objet une composition comprenant un 
compose tel que defini ci-dessus et un veliicule ou un excipient acceptable sur le 
30 plan pharmaceutique. 
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Les composes ou compositions selon T invention peuvent etre administres 
de differentes manieres et sous differentes formes. Ainsi, ils peuvent etre injectes 
par voie systemique ou orale, comme par exemple par voie intraveineuse, intra- 
musculaire, sous-cutanee, trans-dermique, intra-arterielle, etc., les voies 
5 intraveineuse, intra-musculaire, sous-cutanee et orale etant pr£ferees. Pour les 
injections, les composes sont generalement conditionnes sous forme de 
suspensions liquides, qui peuvent etre injectees au moyen de seringues ou de 
perfusions, par exemple. A cet egard, les composes sont generalement dissous 
dans des solutions salines, physiologiques, isotoniques, tamponnees, etc., 

10 compatibles avec un usage pharmaceutique et connues de l'homme du metier. 
Ainsi, les compositions peuvent contenir un ou plusieurs agents ou vehicules 
choisis parmi les dispersants, solubilisants, stabilisants, conservateurs, etc. Des 
agents ou vehicules utilisables dans des formulations liquides et/ou injectables 
sont notamment la methylcellulose, l'hydroxymethylcellulose, la 

15 carboxymethylcellulose, le polysorbate 80, le mannitol, la gelatine, le lactose, des 
huiles vegetales, r acacia, etc. 

Les composes peuvent Sgalement etre administres sous forme de gels, 
huiles, comprimes, suppositoires, poudres, gelules, capsules, etc., eventuellement 
au moyen de formes galeniques ou de dispositifs assurant une liberation 

20 prolongee et/ou retard6e. Pour ce type de formulation, on utilise avantageusement 
un agent tel que la cellulose, des carbonates ou des amidons. 

II est entendu que le debit et/ou la dose injectee peuvent etre adaptes par 
Thomme du m&ier en fonction du patient, de la pathologie concemee, du mode 
d'administration, etc. Typiquement, les composes sont administres a des doses 

25 pouvant varier entre 0.1 jig et 100 mg/kg de poids corporel, plus g6n6ralement de 
0,01 a 10 mg/kg, typiquement entre 0,1 et 10 mg/kg. En outre, des injections 
repetees peuvent etre realisees, le cas ech6ant. D'autre part, pour des traitements 
chroniques, des systemes retard ou prolonges peuvent etre avantageux. 



WO 02/088096 PCT/FR02/01428 

13 

Les composes selon P invention peuvent agir sur differentes 
phosphodiesterases des nucleotides cycliques, notamment la PDE4 et la PDE2, et 
peuvent Egalement presenter une action sur certains sous-types de PDE. Ainsi, 
quatre sous-types de la PDE4 ont et6 mis en evidence, designes PDE4A-D. Les 
5 composes de Tinvention peuvent presenter des efFets biologiques particuliers 
selon le sous-type de PDE4 affecte. Ainsi, les composes de Tinvention peuvent 
etre des inhibiteurs (selectifs) de PDE-4A, de PDE-4B, de PDE-4C et/ou de PDEr 
4D. Des composes de l'invention inhibiteurs de PDE-4B sont particulierement 
interessants pour le traitement de la depression ou de desordres psychiatriques, 
10 par exemple. Certains composes de l'invention presentent un profil d'inhibiteur 
specifique de la PDE2 et possedent egalement a ce titre des proprietes 
therapeutiques avantageuses. 

Les composes selon l'invention inhibiteurs de PDE4 sont particulierement 
15 interessants dans le traitement de pathologies concernant l'inflammation et la 
relaxation bronchique, et plus particulierement dans l'asthme et les bronchopaties 
chroniques obstructives, mais egalement dans d'autres affections comme les 
rhinites, le syndrome de detresse respiratoire aigue, les allergies, les dermatites, le 
psoriasis, Tarthrite rhumatoYde, les maladies autoimmunes, les scleroses multiples 
20 (notamment la sclerose en plaques), les dyskinesies, les glomfrulonephrites, 
rosteoarthrite, le choc septique ou le sida. 

Les composes de Tinvention sont egalement particulierement interessants 
pour le traitement de pathologies inflammatoires du systeme nerveux central, 
telles que plus specifiquement pour le traitement d'une pathologie choisie parmi 
25 la depression, la schizophrenie, le d6sordre bipolaire, les desordres de defaut 
d'attention, la fibromyalgie, l'epilepsie, la maladie d'Alzheimer, la maladie de 
Parkinson, la sclerose lat&rale amyotrophique, la sclerose multiple, la demence 
des corps de Lewy (« Lewy body dementia ») et la maladie de Crohn. 
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Un objet particulier de 1' invention reside done dans 1 'utilisation des 
composes tels que decrits ci-avant pour la preparation d'un medicament destine 
au traitement de d£sordres du systeme nerveux, notamment central, de nature 
chronique ou aigue. 

5 Un objet plus particulier reside dans l'utilisation des composes tels que 

decrits ci-avant pour la preparation d'un medicament destine au traitement de 
pathologies inflammatoires du systeme nerveux central (e.g., neuro- 
inflammation). 

L'invention concerne aussi l'utilisation des composes a titre d'agents 
10 anxiolytiques, anti-convulsivants, sedatifs ou pour le traitement des troubles de la 
memoire ou de troubles cognitifs. 

L'invention concerne aussi l'utilisation 1 des composes ci-dessus pour le 
traitement de pathologies neurodegeneratives. 

Au sens de l'invention, le terme traitement designe aussi bien un traitement 
15 preventif que curatif, qui peut etre utilise seul ou en combinaison avec d'autres 
agents ou traitements. En outre, il peut s'agir d'un traitement de troubles 
chroniques ou aigues. 

La presente invention a egalement pour objet Tutilisation des composes 
decrits comme agent anti-inflammatoire, par exemple pour le traitement de 
20 l'osteoporose ou de Tarthrite rhumatoi'de. 

Les composes preferes de V invention poss^dent avantageusement une 
puissante activity inhibitrice d'un ou plusieurs sous-types de la PDE4 et/ou une 
action sur la PDE2. Les composes pr£f6res de l'invention presentent en outre un 
profil de selectivity avantageux, notamment une activite faible vis-a-vis de la 
25 PDE3. 

Les composes de l'invention peuvent etre prepares a partir de produits du 
commerce, en mettant en ceuvre une combinaison de reactions chimiques connues 
de 1'homme du metier. 



30 
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A cet egard, selon un premier precede, les composes de formule generate 
(I) selon Tinvention, dans lesquels R4 est different de chlore, peuverit etre 
obtenus a partir d'un compose de formule (I) dans laquelle R4 est un atome de 
chlore en mettant en oeuvre les methodes suivantes : 
5 1. Lorsque R4 dans la formule du produit final est un groupe NR 2 R 3 , par 
reaction avec une amine de formule HNR2R3, dans un solvant protique a 
temperature ambiante. 

Comme solvant, on peut citer en particulier les alcools, notamment l'ethanol. 

2. Lorsque R4 dans la formule du produit final est un groupe (C r C 6 ) alkyle, 
10 par reaction avec un compose de formule R4U, dans un solvant anhydre a une 

temperature comprise entre -80 et -20 °C, de preference aux alentours de - 
78°C. 

Comme solvant, on peut citer les ethers, notamment le THR 

3. lorsque R4 dans la formule du produit final est un groupe (C r C 6 ) alkenyle, 
15 par reaction avec un compose de formule 1-alkenylcatecholborane, en 

presence d'un catalyseur au palladium, dans un solvant de type acetonitrile, a 
temperature comprise entre 50 et 80°C ou par hydrogenation catalytique des 
composes ou R4 dans la formule du produit final est un groupement C r C 6 
alkynyle en utilisant un catalyseur empoisonne. 
20 4. lorsque R4 dans la formule du produit final est un groupe (C r C 6 ) alkyn-1- 
yle, par reaction avec un compose de formule R4H en presence d'iodure de 
cuivre, de chlorure de palladium, de triphenyl phosphine et d'une base, par 
exemple la triethylamine. 

Comme solvant, on peut utiliser notamment V acetonitrile ; la reaction est 
25 effectuee de preference a temperature ambiante 

5. lorsque R4 dans la formule du produit final est un groupe (C 6 -C 12 ) aryle, par 
reaction avec un compose de formule R4B(OH) 2 , de phosphate de potassium et 
de ^efrfl^(triphenylphosphine)Pd(0), a une temperature comprise entre 80 et 
120 °C, de preference aux environs de 100°C. 
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Comme solvant, on prefere utiliser un solvant aprotique polaire, par exemple 
leDMF. 

6. lorsque R4 dans la formule du produit final est un groupe OR2, par reaction 
avec un alcool de formule HOR 2 a temperature ambiante ; 
5 7. lorsque R4 dans la formule du produit final est un groupe SR 2 , par reaction 
avec un thiol de formule R4SH. Comme solvant on peut citer notamment le 
THF. 

8. Les composes ou R4 dans la formule du produit final est un groupe SH 
peuvent etre obtenus directement en traitant les composes ou R4 est un groupe 
10 OH par le reactif de Lawesson. 

Les composes de formule generale (I) dans laquelle R4 represente un atome 
de chlore peuvent etre prepares par reaction d'un compose de formule (F) selon 
Finvention avec POCI3. Cette reaction est realisee avantageusement dans un 
15 solvant aprotique polaire, tel que le chloroforme a une temperature comprise entre 
90 et 130 °C pendant une duree comprise entre 0,5 et 1,5 heures sous tube scelle 
en presence d' amine aromatiques telles que la dimethylaniline ou la 
dimethylaminopyridine. 

20 Les composes de formule generale (F) selon Finvention peuvent etre 

prepares par un proc6d6 comprenant les Stapes suivantes : 
- a) reaction d'un compose de formule generale (II) 




25 

dans laquelle R 5 , Rs«, R7 et Rg sont tels que definis prec6demment et R 9 
represente un groupe alkyle en C r C 4 , de preference methyle ; 
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avec un compose comprenant un groupe acyle de formule R]CO pour obtenir 
un compost de formule (III) 




dans laquelle Ri, R 5 , R 5 \ R7 et Rg sont tels que definis pr6c6demment ; 

b) reaction du compose de formule (III) avec l'hydrazine pour obtenir un 
compose de formule (F) dans laquelle R b R 5 , R 5 \ R 7 et R 8 sont tels que definis 
10 precedemment. 

L'agent d'acylation de Tetape a) est de preference un halogenure d'acyle, 
notamment un chlorure d'acyle. 

La reaction est avantageusement efFectuee en presence d'un acide de 
15 Lewis tel que SnCL*, dans un solvant inerte a temperature ambiante. On peut citer 
comme solvants les hydrocarbures et lews derives halogenes, par exemple le 
CHCI3. En fin de reaction, le produit obtenu est repris dans un alcool, par 
exemple le methanol et la reaction est poursuivie k temperature ambiante. 

L'etape b) est effectuee avantageusement en presence d'hydrate 
20 d'hydrazine, par exemple dans un alcool, a une temperature comprise entre 100 et 
150 °C de preference aux alentours de 150°C sous tube scelle pendant une duree 
comprise entre 3 et 10 heures, de preference d' environ 3 heures , et poursuivie 
dans un acide, par exemple de Tacide acetique au reflux pendant une dur6e de 20 
a 60 minutes. 
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L'invention est illustree par les exemples qui suivent, qui doivent etre 
consideres comme illustratifs et non limitatifs. 



EXEMPLE 1 : SYNTHESE DES COMPOSES DE FORMULE V SELON 
L'INVENTION 

1.1. Svnthese des intermSdiaires de formule III 

Les composes suivants ont ete synthetises : 

2-benzoyl-4,5-dim6thoxyphenyl acetate de methyle Ilia. 
4,5-dimethoxy-2-(2-naphthoyl)phenyl acetate de methyle Illb. 
2-(4-cWorobenzoyl)-4,5-dimethoxyphenyl acetate de methyle IIIc. 
2-(3-chlorobenzoyl)-4,5-dimethoxyphenyl acetate de methyle Hid. 
2-(2-benzoyl-4,5-dim6thoxyphenyl)propionate de methyle Hie. 
4,5-dimethoxy-2-(l-oxo-2-phenylethyl)phenyl acetate de methyle Illf. 
[4,5-dimethoxy-2-(4-phenylbenzoyl)phenyl]acetate de methyle Illg. 
4,5-dimethoxy-2-(7-methoxy-2-naphthoyl)phenyl acetate de methyle Illh. 
2-(5-chloro-2-naphthoyl)-4,5-dim6thoxyphenyl ac6tate de methyle Illi. 
2-(2-benzo[b]tliienylcarbonyl)-4,5-dimethoxyphenyl acetate de methyle Illj. 
2-(4-/e^butylbenzoyl)-4,5-dimethoxyphenyl acetate de methyle ink. 
2-(2-benzo[b]thienylcarbonyl)-5-methoxyphenyl acetate de methyle III1. 
2-(3-cWorobenzo[b]tWenylcarbonyl)-4,5-dimethoxyphenyl acetate de methyle 
Illm. 

2-(4-bromobenzoyl)-4,5-dimethoxyphenyl acetate de methyle Illn. 

2-(2,4-dichlorobenzoyl)-4,5-dimethoxyphenyl acetate de methyle IIIo. 

2-(4-iodobenzoyl)-4,5-dimethoxyphenyl acetate de methyle IIIp. 
2-(3-chlorobenzoyl)-4,5-diethoxyphenyl acetate d'ethyle IHq. 
2-(5-chlorobenzo[b]furylcarbonyl)-4,5-dim6thoxyphenyl acetate de methyle Illr. 
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2-[2-(2-benzo[b]thienyl)carbonyl-4,5-diethoxyphenyl] butyrate d'ethyle Ills. 

* 

2-(3-bromobenzoyl)-4,5-dimethoxyphenyl acetate de methyle lilt. 
2-benzoyl-4,5-dimethoxyphenyl acetate de methyle Ilia. 

5 

Aj outer au goutte a goutte et a 0°C a une solution de 13 g (61,8 mmoles) de 3,4- 
dim^thoxyphenylacetate de methyle dans 150 mL de CHC1 3 , 17,4 mL (124 
mmoles) de chlorure de benzoyle. Ajouter a cette solution, au goutte a goutte, 
14,5 mL (124 mmoles) de chlorure d'6tain (IV). Laisser revenir a temperaure 

10 ambiante. Apres 6 heures a temperature ambiante, ajouter lentement 100 mL de 
MeOH absolu et Evaporer a sec. Ajouter 400 mL d'H 2 0 et extraire 3 fois avec 
400 mL d'EtjO. Secher les fractions orgamques sur Na 2 S0 4 . Purifier par 
chromatographic sur silice (AcOEt 1/ Hexane 1). Recristalliser dans 1'EtOH. On 
obtient 16,6 g de cristaux incolores. Rdt : 85%. Le produit peut etre isol6 ou 

1 5 utilise directement dans la suite des reactions. 

4,5-dimethoxy-2-(2-naphthoyl)phenyl acetate de methyle Illb. 

En remplacant dans l'exemple Ilia le chlorure de benzoyle par le chlorure de 2- 
20 naphthoyle on obtient de la meme maniere le produit titre. Rdt : 53%. 'H-RMN 
(200 MHz, CDC1 3 ) : 6 3,56 (s, 3H, OCH 3 ), 3,78 (s, 3H, OCH 3 ), 3,86 (s, 2H, 
CH 2 ), 4,00 (s, 3H, OCH 3 ), 6,82 (s, 1H Ar), 6,90 (s, 1H Ar), 7,54-8,12 (m, 6H 
Ar), 8,24 (s, 1H Ar). 

25 2-(4-chlorobenzoyl)-4,5-dim6thoxyphenyl acetate de methyle IIIc. 

En remplacant dans l'exemple Ilia le chlorure de benzoyle par le chlorure de 4- 
chlorobenzoyle on obtient de la meme maniere le produit titre. 

30 2-(3-chlorobenzoyl)-4,5-dim6thoxyphenyl acetate de methyle Hid. 

1 ,J 
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En remplacant dans 1'exemple Ilia le chlorure de benzoyle par le chlorure de 3- 
chlorobenzoyle on obtient de la meme maniere le produit titre. 



5 2-(2-benzoyl-4,5-dim6thoxyphenyl)propionate de methyle Hie. 

En remplacant dans 1'exemple Ilia le 3,4-climethoxyphenylacetate de methyle par 
le 2-(3,4-dimethoxyphenyl)propionate de methyle on obtient de la meme maniere 
le produit titre. 

10 

4,5-dim6thoxy-2-(l-oxo-2-ph6nyl6thyl)phenyl acetate de methyle Hlf. 

En remplacant dans 1'exemple Ilia le chlorure de benzoyle par le chlorure de 
phenacetyle on obtient de la meme maniere le produit titre. Rdt : 42%. 'H-RMN 
15 (200 MHz, CDC1 3 ) : 5 3,71 (s, 3H, OCH 3 ), 3,72-3,96 (m, 8H, 2 x OCH 3 + CH 2 ), 
4,26 (s, 2H, CH 2 ), 6,75 (s, 1H Ar), 7,27-7,41 (m, 6H Ar). 

[4,5-dim&hoxy-2-(4-phenylbenzoyl)phenyllac6tate de methyle Illg. 

20 En remplacant dans 1'exemple Ilia le chlorure de benzoyle par le chlorure de 4- 
biphenylcarbonyle, on obtient de la meme maniere le produit titre. 

4,5-dimethoxy-2-(7-methoxy-2-naphthoyl)phenyI acetate de methyle Illh. 

25 En remplacant dans 1'exemple Ilia le chlorure de benzoyle par le chlorure de 7- 
m6thoxy-2-naphthoyle, on obtient de la meme maniere le produit titre. 



2-(5-chloro-2-naphthoyl)-4,5-dimethoxyphenyl acetate de methyle Illi. 
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En remplacant dans l'exemple Ilia le chlorure de benzoyle par le chlorure de 5- 
chloro-2-naphthoyle, on obtient de la meme maniere le produit titre. 

2-(2-benzo|blthienylcarbonyl)-4,5-dimethoxyph6nyl acetate de methyle Illj. 

5 

En remplacant dans l'exemple Ilia le chlorure de benzoyle par le chlorure de 2- 
benzo[b]thiophene carbonyle on obtient de la meme maniere le produit titre. Rdt : 
58%. 'H-RMN (200 MHz, CDC1 3 ) : 6 3,63 (s, 3H, OCH 3 ), 3,88 (s, 2H, CH 2 ), 
3,91 (s, 3H, OCH 3 ), 4,02 (s, 3H, OCH 3 ), 6,92 (s, 1H Ar), 7,26 (s, 1H Ar), 7,41- 
10 7,54 (m, 2H Ar), 7,81 (s, 1H Ar), 7,88-7,98 (m, 2H Ar). 

2-(4-tert-butylbenzoyl)-4,5-dimethoxyphenyl acetate de methyle Illk. 

En remplacant dans l'exemple Ilia le chlorure de benzoyle par le chlorure de 4- 
1 5 (terf-butyl)benzoyle on obtient de la meme maniere le produit titre. 

2-(2-benzo[b]thienylcarbonyl)-5-m6thoxyphenyl acetate de methyle 1111. 

En remplacant dans l'exemple Illj le 3,4-oUmethoxyphenylac&ate de methyle par 
20 le 3-methoxyphenylacetate de methyle on obtient de la meme maniere le produit 
titre. 

2-(3-chlorobenzo[b]thi6nylcarbonyl)-4,5-dim6thoxyph6nyl acetate de 
methyle Illm. 

25 

En remplacant dans l'exemple Ilia le chlorure de benzoyle par le chlorure de 2- 
(3-chlorobenzo[b]thiophene)carbonyle on obtient de la meme maniere le produit 
titre. 



30 



2-(4-bromobenzoyl)-4,5-dimethoxyphenyl acetate de methyle Illn. 
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En remplacant dans l'exemple Ilia le chlorure de benzoyle par le chlonire de 4- 
bromobenzoyle on obtient de la meme maniere le prpduit titre. Rdt : 10%. 'H- 
RMN (300 MHz, CDC1 3 ) : 5 3,62 (s, 3H, CH 3 ), 3,80 (s, 3H, CH 3 ), 3,85 (s, 2H, 
5 CH 2 ), 3,97 (s, 3H, CH 3 ), 6,85 (s, 1H Ar), 6,90 (s, 1H Ar), 7,60-7,69 (m, 4H 
Ar). 

2-(2,4-dichlorobenzoyl)-4,5-dimethoxyphenyl acetate de metbyle IIIo. 

10 En remplacant dans l'exemple Ilia le chlorure de benzoyle par le chlonire de 2,4- 
dichlorobenzoyle on obtient de la meme maniere le produit titre. Rdt : 18%. *H- 
RMN (300 MHz, CDC1 3 ) : 8 3,71 (s, 3H, CH 3 ), 3,73 (s, 3H, CH 3 ), 3,97 (s, 3H, 
CH 3 ), 4,00 (s, 2H, CH 2 ), 6,82 (s, 1H Ar), 6,85 (s, 1H Ar), 7,35-7,38 (m, 2H 
Ar), 7,48 (s, 1H Ar). 

15 

2-(4-iodobenzoyl)-4,5-dimethoxyphenyl acetate de methyle IIIp. 

En remplacant dans l'exemple Ilia le chlorure de benzoyle par le chlorure de 4- 
iodobenzoyle on obtient de la meme maniere le produit titre. 

20 

2-(3-chlorobenzoyl)-4,5-diethoxyphenyl acetate d'ethyle Illq. 

En remplacant dans l'exemple Hid le 3,4-dimethoxyphenyl acetate de methyle 
par le 3,4-diethoxyphenyl acetate d'ethyle on obtient de la meme maniere le 
25 produit titre. 



2-(5-chlorobenzo[bJfurylcarbonyl)-4,5-dim6thoxyph^nyl acetate de methyle 
Illr. 
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En remplagant dans Texemple Ilia le chlorure de benzoyle par le chlorure de 5- 
chlorobenzo[b]furylcarbonyle on obtient de la meme maniere le produit titre. 

2-[2-(2-benzo[b]thienyl)carbonyl-4,5-diethoxyphenyl] butyrate d'ethyle Ills. 

En remplagant dans l'exemple Illj le 3,4-dimethoxyphenylacetate de methyle par 
le 2-(3,4-diethoxyphenyl)butyrate d'ethyle on obtient de la meme maniere le 
produit titre. 

2-(3-bromobenzoyl)-4,5-dimethoxyph£nyI acetate de methyle lilt. 

En rempla?ant dans l'exemple Ilia le chlorure de benzoyle par le chlorure de 3- 
bromobenzoyle on obtient de la meme maniere le produit titre. 

1.2, Synthase des produits de formule V (on IV) 

Les composes suivants ont ete synthetises : 

7,8-dimethoxy- 1 -phenyl-3,5-dihydro-4^-2,3-benzodiaz6pin-4-one IVa. 
7,8-dimethoxy- 1 -(2-naphthyl)-3 ,5-dihydro-4i¥-2,3-benzodiaz6pin-4-one IVb. 
l-(4-chlorophenyl)-7,8-dimethoxy-3,5-^^ 

1 -(3-cMorophenyl)-7,8-dimethoxy-3 ,5-dihydro-4#-2,3-benzodiazepin-4-one IVd. 
7,8-dimethoxy-5-methyl-l -phenyl IVe. 
l-benzyl-7,8-dimethoxy-3,5-dihydro-^^ IVf. 
7,8-dimethoxy- 1 -(4-phenylphenyl)-3 ,5-dihydro-47/-2,3 -benzodiazepin-4-one I Vg. 
7,8-dimethoxy- 1 -(7-m6thoxy-2-naththyl)-3 ,5-dihydro-4//-2,3-benzodiazepin-4- 
one IVh. 

l-(5-chloro-2-naphthyl)-7,8-(Umethoxy^ 
IVi. 
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l-(2-benzo[b]thi6nyl)-7,8-dimethoxy-3,5-dihydro-4/^-2,3-benzodiazepin-4-one 
IVj. 

l-(4-fe r ^butylphenyI)-7,8-dimethoxy-3,5-dihydro-4/f-2,3-benzodiaz6pin-4-one 
IVk. 

5 1 -(2-benzo[b]thienyl)-7-methoxy-3,5-dihy(iro-47/-2,3-benzodiazepin-4-one IV1. 
l-(3-chloro-2-benzo[b]thienyl)-7,8-dimethoxy-3,5-dihydro-47/-2,3- 
benzodiazepin-4-one, IVm. 

1 -(4-bromophenyl)-7,8-dimethoxy-3 ,5-dihydro-4//-2,3 -benzodiazepin-4-one IVn. 
l-(2,4-dichlorophenyl)-7,8-dimethoxy-3,5-dihydro-4/f-23-benzodiaz6pin-4-one 
10 IVo. 

l-(4-iodophenyl)-73-dim6thoxy-3,5-dihydro-47/-2,3-benzodiaz6pin-4-oneIVp. 
l-(3-cUorophenyl)-7,8-di6llioxy-3,5-dihydro-4i/-2,3-benzodiazepin-4-oneIVq. 
l-(5-cMoro-2-benzo|>]fuiyl)-73-dimeto^ 
4-one IVr. 

15 l-(benzo[b]tmenyl)-7,8-diemoxy-5-emylO,5^^ 
one IVs. 

1 -(34>romophenyl)-7,8-dimethoxy-3 J 5-dihydro-4/f-2,3-benzodiazepin-4-one IVt. 

7,8-dimethoxy-l-[(3-phenyl)phenyl]-3,5-dihydro-4i/-23-benzodiazepin-4-one 

IVu.. 

20 

7,8-dim6thoxy-l-phenyl-3,5-dihydro-4/T-2,3-benzodiaz6pin-4-one IVa. 

Chauffer en tube scelle a 150°C pendant 3 h, 500 mg (1,59 mmole) de 2-benzoyl- 
4,5-dimethoxyphenyl acetate de methyle Ilia, 2 mL d'hydrate d'hydrazine et 12 

25 mL d'EtOH. Laisser revenir a temperature ambiante. Ajouter 10 mL d'AcOH. 
Chauffer a reflux durant 25 minutes. Evaporer a sec. Ajouter 60 mL d'H 2 0 
glacee. Laisser cristalliser a 0°C pendant 5 minutes. Filtrer et laver 2 fois avec 5 
mL d'H 2 0, 2 fois avec 3 mL d'EtOH et 2 fois avec 5 mL de pentahe. 
Recristalliser dans EtOH/Et 2 0. Rdt : 82%. 'H-RMN (300 MHz, CDC1 3 ) : 6 3,51 

30 (s, 2H, CH 2 ) , 3,72 (s, 3H, OCH 3 ), 3,97 (s, 3H, OCH 3 ), 6,67 (s, 1H Ar), 6,86 (s, 



WO 02/088096 PCT/FR02/01428 

25 

1H Ar), 7,43-7,48 (m, 3H Ar), 7,62-7,65 (m, 2H Ar), 8,66 (s large, 1H 
echangeable, NH). 

7,8-dim6thoxy-l-(2-naphthyl)-3,5-dihydro-4/T-2,3-benzodiaz6pin-4-one IVb 

5 

En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyphenyl acetate de 
methyle Ilia par le 4,5-dimethoxy-2-(2-naphthoyl)phenyl acetate de methyle Illb 
on obtient de la meme maniere le produit titre. Rdt : 24%. 'H-RMN (300 MHz, 
CDCl 3 ) : 6 3,56 (s, 2H, CH 2 ) , 3,68 (s, 3H, OCH 3 ), 4,00 (s, 3H, OCH 3 ), 6,74 (s, 
10 1H Ar), 6,90 (s, 1H Ar), 7,53-7,60 (m, 2H Ar), 7,82-8,00 (m, 5H Ar), 8,53 (s 
large, 1H echangeable, NH). 

l^-chloroph^nyO-T^-dimethoxy^^-dihydro^/f^^-benzodiaz^pin^-one 

IVc 

15 

En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyph6nyl acetate de 
methyle Ilia par le 2-(4-chlorobenzoyl)-4,5-dimethoxyphenyl acetate de methyle 
IIIc on obtient de la meme maniere le produit titre. Rdt : 64%. 'H-RMN (300 
MHz, CDCI3) : 3,51 (s, 2H, CH 2 ), 3,74 (s, 3H, OCH 3 ), 3,97 (s, 3H, OCH 3 ), 6,63 
20 (s, 1H Ar), 6,86 (s, 1H Ar), 7,51 (systeme AB, A8 = 0.17 ppm, J AB = 6 Hz, 4 H 
Ar) 8,61 (s large, 1H echangeable, NH). 

l-(3-chlorophenyl)-7,8-dim6thoxy-3,5-dihydro-4Jy-2,3-benzodiazepin-4-one 
IVd. 

25- 

En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyphenyl acetate de 
methyle Ilia par le 2-(3-chlorobenzoyl)-4,5-dimethoxyphenyl acetate de methyle 
Hid on obtient de la meme maniere le produit titre. Rdt : 64% (pour les 2 etapes). 
F : 270-273°C. 'H-RMN (300 MHz, dmso-D 6 ) : 5 3,45 (s, 2H, CH 2 ), 3,62 (s, 3H, 
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CH 3 ), 3,88 (s, 3H, CH 3 ), 6,65 (s, 1H Ar), 7,13 (s, 1H Ar), 7,47-7,63 (m, 4H Ar), 
10,99 (s, 1H ^changeable, NH). 

7,8-dimethoxy-5-methyl-l-phenyl-3,5-dihydro-4/r-2,3-benzodiaz^pin-4-one 

5 IVe 

En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyphenyl acetate de 
methyle Ilia par le 2-(2-benzoyl-4,5-dim6thoxyphenyl)propionate de methyle 
Hie on obtient de la meme maniere le produit titre. Rdt : 53% (pour les 2 etapes). 
10 'H-RMN (300 MHz, dmso-D 6 ) : 8 1,67 (s large, 3H, CH 3 ), 3,32-3,37 (m, 1H, H 5 ), 
3,72 (s, 3H, CH 3 ), 3,98 (s, 3H, CH 3 ), 6,67 (s, 1H Ar), 6,86 (s, 1H Ar), 7,40-7,51 
(m, 3H Ar), 7,64-7,67 (m, 2H Ar), 8,51 (s, 1H ^changeable, NH). 

l-benzyl-7,8-dimethoxy-3,5-dihydro-4/T-2,3-benzodiazepin-4-one IVf. 

15 

En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyphenyl acetate de 
methyle Ilia par le 4,5-dim6thoxy-2-(l-oxo-2-phenylethyl)phenyl acetate de 
methyle Illf on obtient de la meme maniere le produit titre. 'H-RMN (200 MHz, 
dmso-D 6 ) : 8 3,14 (s, 2H, COCH 2 ), 3,76 (s, 6H, 2 x OCH 3 ), 4,18 (s, 2H, CH 2 ), 
20 6,87 (s, 1H Ar), 7,1 1-7,23 (m, 6H Ar), 10,60 (s large, 1H ^changeable, NH). 

7,8-dimethoxy-l-(4-phenylphenyl)-3,5-dihydro-4/T-2^-benzodiaz6pin-4-one, 
IVg. 

25 En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyphenyl acetate de 
methyle Ilia par le [4,5-dimethoxy-2-(4-ph6nylbenzoyl)ph6nyl]ac^tate de 
methyle Illg, on obtient de la meme maniere le produit titre. Rdt : 51%. F : 218- 
221°C. 
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7,8-dimethoxy-l-(7-methoxy-2-naththyl)-3,5-dihydro-4/r-2,3-benzodiazepin- 
4-one, IVh. 

En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyphenyl acetate de 
5 methyle Ilia par le 4,5-dimethoxy-2-(7-methoxy-2-naphthoyl)phenyl acetate de 
methyle Illh, on obtient de la meme maniere le produit titre. Rdt : 39%. F : 260- 
263°C. 'H-RMN (200 MHz, CDC1 3 ) : 5 3,59 (s, 2H, CH 2 ), 3,73 (s, 3H, CH 3 ), 
3,95 (s, 3H, CH 3 ), 4,03 (s, 3H, CH 3 ), 6,78 (s, 1H Ar), 6,92 (s, 1H Ar), 7,16-7,22 
(m, 2H Ar), 7,70-7,94 (m, 4H Ar), 8,44 (s large, 1H 6changeable, NH). 

10 

l-(5-chloro-2-naphthyl)-7,8-dimethoxy-3,5-dihydro-4^r-2,3-benzodiazepin-4- 
one IVi. 

En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyphenyl acetate de 
15 methyle Ilia par le 2-(5-chloro-2-naphthoyl)-4,5-dimethoxyphenyl acetate de 
methyle Illi on obtient de la meme maniere le produit titre. Rdt : 51%. 'H-RMN 
(300 MHz, CDC1 3 ) : 5 3,60 (s, 2H, CH 2 ), 3,72 (s, 3H, CH 3 ), 4,03 (s, 3H, CH 3 ), 
6,73 (s, 1H Ar), 6,93 (s, 1H Ar), 7,36-7,45 (m, 1H Ar), 7,82-8,31 (m, 5H Ar), 
8,54 (s, 1H echangeable, NH). 

20 

l-(2-benzo(b]thi6nyl)-7,8-dim6thoxy-3,5-dihydro-4Jy-2^-benzodiaz6pin-4- 
one IVj. 

En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyphenyl acetate de 
25 methyle Ilia par le 2-(2-benzo[b]thienylcarbonyl)-4,5-dimethoxyphenyl acetate 
de m6thyle Illj on obtient de la meme maniere le produit titre. Rdt : 69%. 'H- 
RMN (200 MHz, CDC1 3 ) : 8 3,52 (s, 2H, CH 2 ), 3,84 (s, 3H, CH 3 ), 3,98 (s, 3H, 
CH 3 ), 6,87 (s, 1H Ar), 7,13 (s, 1H Ar), 7,35-7,44 (m, 3H Ar), 7,72-7,91 (m, 2H 
Ar), 8,51 (s, 1H echangeable, NH). 
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l-(4-tert-butylphenyl)-7,8-dimethoxy-3,5-dihydro-4/T-2,3-benzodiaz6pin-4- 
one IVk. 

En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyphenyl acetate de 
5 methyle Ilia par le 2-(4-ter?-butylbenz6yl)-4,5-dimethoxyphenyl acetate de 
methyle Illk on obtient de la meme maniere le produit titre. Rdt : 41%. F : 
214°C. 'H-RMN (200 MHz, CDC1 3 ) : 5 1,37 (s, 9H, 3 x CH 3 ), 3,49 (s, 2H, CH 2 ), 
3,75 (s, 3H, CH 3 ), 3,98 (s, 3H, CH 3 ), 6,74 (s, 1H Ar), 6,85 (s, 1H Ar), 7,42-7,60 
(m, 4H Ar), 8,35 (s, 1H echangeable, NH). 

10 

l-(2-benzo[b]thi6nyl)-7-methoxy-3,5-dihydro-4fr-2^-benzodiazepin-4-one 
IVl. 

En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyphenyl acetate de 
15 methyle Ilia par le 2-(2-benzo[b]thienylcarbonyl)-5-methoxyphenyl acetate de 
methyle nil on obtient de la meme maniere le produit titre. Rdt : 18%. F : 264°C. 
, H-RMN(300MHz,CDCl 3 ):8 3,57 (s, 2H, CH 2 ), 3,91 (s,3H,CH 3 ), 6,91-7,00 
(m, 2H Ar), 7,32-7,45 (m, 3H Ar), 7,59-7,63 (m, 1H Ar), 7,72-7,75 (m, 1H Ar), 
7,86-7,88 (m, 1H Ar), 8,42 (s, 1H echangeable, NH). 

20 

l-(3-chloro-2-benzoIb]thienyl)-7,8-dimethoxy-3,5-dihydro-4/T-2,3- 
benzodiazepin-4-one, IVm. 

En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyphenyl acetate de 
25 methyle ma par le 2-(3-chlorobenzo[b]tbienylcarbonyl)-4,5-dimethoxyphenyl 
acetate de methyle Illm on obtient de la meme maniere le produit titre. Rdt : 
18%. 



l-(4-bromophenyl)-7,8-dimethoxy-3,5-dihydro-4/T-2,3-benzodiazepin-4-one 
30 IVn. 
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En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyph6nyl ac6tate de 
methyle Ilia par le 2-(4-bromobenzoyl)-4,5-dimethoxyphenyl acetate de methyle 
Illn on obtient de la meme maniere le produit titre. Rdt : 61%. 

5 

l^-bromophenyO-T^-dimethoxy-SjS-dihydro^-Z^-benzodiaz^pin^one 
IVn. 

En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyphenyl acetate de 
10 methyle Ilia par le 2-(4-bromobenzoyl)-4,5-dimethoxyphenyl acetate de methyle 
Illn on obtient de la meme maniere le produit titre. Rdt : 29%. 'H-RMN (300 
MHz, CDC1 3 ) : 5 3,50 (s, 2H, CH 2 ), 3,74 (s, 3H, CH 3 ), 3,97 (s, 3H, CH 3 ), 6,63 (s, 
1H Ar), 6,85 (s, 1H Ar), 7,50-7,59 (m, 4H Ar), 8,41 (s, 1H echangeable, NH). 

15 l-(2,4-dichlorophenyl)-7,8-diinethoxy-3,5-dihydro-4fr-2^-benzodiaz6pin-4- 
one IVo. 

En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyphenyl acetate de 
methyle Ilia par le 2-(2,4-dicUorobenzoyl)-4,5-dimethoxyph6nyl acetate de 
20 methyle IIIo on obtient de la meme maniere le produit titre. Rdt : 12%. 1 H-RMN 
(300 MHz, CDC1 3 ) : 6 3,60 (s, 2H, CH 2 ), 3,69 (s, 3H, CH 3 ), 3,96 (s, 3H, CH 3 ), 
6,37 (s, 1H Ar), 6,84 (s, 1H Ar), 7,40-7,60 (m, 3H Ar), 8,51 (s, 1H 
echangeable, NH). 

25 l-(4-iodophenyI)-7,8-dim6thoxy-3,5-dihydro-4jfiT-2,3-benzodiazepin-4-one 
IVp. 

En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyph6nyl acetate de 
methyle Ilia par le 2-(4-iodobenzoyl)-4,5-dimethoxyph6nyl acetate de methyle 
30 Hip on obtient de la meme maniere le produit titre. Rdt : 62%. 'H-RMN (300 
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MHz, CDCI3) : 5 3,50 (s, 2H, CH 2 ), 3,74 (s, 3H, CH 3 ), 3,97 (s, 3H, CH 3 ), 6,63 (s, 
1H Ar), 6,85 (s, 1H Ar), 7,36-7,80 (m, 4H Ar), 8,57 (s, 1H echangeable, NH). 

l-(3-chlorophenyl)-7,8-diethoxy-3,5-dihydro-4/T-2,3-benzodiazepin-4-one 
5 IVq. 

En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyphenyl acetate de 
methyle Ilia par le 2-(3-chlorobenzoyl)-4,5-diethoxyph6nyl acetate d'ethyle Illq 
on obtient de la meme maniere le produit titre. Rdt : 24% (pour les 2 Stapes). F : 
10 182-183°C. ! H-RMN (300 MHz, CDC1 3 ) : 8 1,37 (t, 3H, CH 3 ), 1,51 (t, 3H, CH 3 ), 
3,48 (s, 2H, CH 2 ), 3,92 (q, 2H, CH 2 ), 4,17 (q, 2H, CH 2 ), 6,64 (s, 1H Ar), 6,83 (s, 
1H Ar), 7,33-7,50 (m, 3H Ar), 7,65 (d, 1H Ar), 8,58 (s, 1H echangeable, NH). 



l-(5-chloro-2-benzo[blfuryl)-7,8-dim6thoxy-3,5-dihydro-4/T-2 r 3- 
15 benzodiazepin-4-one IVr. 

En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyphenyl acetate de 
methyle Ilia par le 2-(5-cWorobenzo[b]furylcarbonyl)-4,5-dimethoxyphenyl 
acetate de methyle Hlr on obtient de la meme maniere le produit titre. Rdt : 33%. 
20 F : 249-252°C. 'H-RMN (300 MHz, CDC1 3 ) : 5 3,53 (s, 2H, CH 2 ), 3,87 (s, 3H, 
CH 3 ), 3,99 (s, 3H, CH 3 ), 6,87 (s, 1H Ar), 7,00 (s, 1H Ar), 7,10 (s, 1H Ar), 7,35- 
7,39 (m, 1H Ar), 7,53-7,62 (m, 2H Ar), 8,76 (s, 1H echangeable, NH). 

l-(benzo[bJthi6nyl)-7,8-diethoxy-5-6thylO,5^ihydro-4/f'-2,3-benzodiazepin- 
25 4-oneIVs. 



En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyphenyl acetate de 
methyle Ilia par le 2-[2-(2-benzo[b]thienyl)carbonyl-4,5-diethoxyph6nyl] 
butyrate d'ethyle His on obtient de la meme maniere le produit titre. Rdt : 23%. 
30 'H-RMN (300 MHz, CDC1 3 ) : 5 1,11 (t, J = 6,21, 3H, CH 3 ), 1,40-1,46 (m, 3H, 
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CH 3 ), 1,53 (t, J = 7,92, 3H, CH 3 ), 1,96-2,43 (m, 2H, CH 2 ), 3,02-3,07 (t, J = 6,01, 
1H, H 5 ), 4,04-4,24 (m, 4H, 2 x CH 2 ), 6,83 (s, 1H Ar), 7,15 (s, 1H Ar), 7,35-7,90 
(m, 5H Ar), 8,39 (s, 1H ^changeable, NH). 

5 l-(3-bromophenyI)-7,8-dimethoxy-3,5-dihydro-4fT-2,3-benzodiazepin-4-one 
IVt. 

En remplacant dans l'exemple IVa le 2-benzoyl-4,5-dimethoxyphenyl acetate de 
methyle Ilia par le 2-(3-bromobenzoyl)-4,5-dimethoxyphenyl acetate de methyle 
10 lilt on obtient de la meme maniere le produit titre. Rdt : 30%. 'H-RMN (300 
MHz, CDC1 3 ) : 6 3,51 (s, 2H, CH 2 ) , 3,75 (s, 3H, OCH 3 ), 3,98 (s, 3H, OCH 3 ), 
6,64 (s, 1H Ar), 6,85 (s, 1H Ar), 7,28-7,84 (m, 4H Ar), 8,47 (s large, 1H 
echangeable, NH). 

15 7,8-dimethoxy-l-[(3-phenyl)ph6nyl]-3,5-dihydro-4/r-2^-benzodiaz6pin-4-one 
IVu. 

Chauffer a 90°C pendant 12 heures un melange de 100 mg (0,267 mmole) de 1- 
(3-bromophenyl)-7,8-dimethoxy-3,5-dihydro-4//-2,3-benzodiazepin-4-one IVt, 

20 44 mg (0,356 mmole) d'acide phenylboronique, 30 mg de tetrakis- 
triphenylphosphine Pd(0), 251 uL de Na 2 C0 3 et 291 uL d'EtOH dans 5 mL de 
toluene. Evaporer a sec. Purifier par chromatographie (AcOEt / Hexane 1/1). 
Recristalliser dans EtOH. Rdt : 61%. 'H-RMN (300 MHz, CDC1 3 ) : 6 3,52 (s, 2H, 
CH 2 ) , 3,72 (s, 3H, OCH 3 ), 3,96 (s, 3H, OCH 3 ), 6,72 (s, 1H Ar), 6,86 (s, 1H Ar), 

25 7,38-7,69 (m, 9H Ar), 8,80 (s large, 1H 6changeable, NH). 



EXEMPLE 2 : SYNTHESE DES COMPOSES DE FORMULE GENERALE 
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2.1. Synthese des composes de formule (I) dans laquelle R4 est un atome de 
chlore (composes de formule V) 

4-chloro-7,8-dim6thoxy-l-phenyl-5/T-2^-benzodiazepine Va. 

5 

Chauffer en tube scelle pendant 45 minutes a 120°C un melange de 150 mg (0,51 
mmole) de 7,8-dimemoxy-l-phenyl-3,5-dmyaro-4//-2,3-benzodiazepin-4-one 
IVa, 200 uL de dimethylaniline et 500 ul de POCl 3 dans 10 mL de CHC1 3 . 
Laisser revenir a temperature ambiante. Evaporer a sec. Aj outer 30 mL d'AcOEt > 
10 et 3 mL de triethylamine. Evaporer a sec. Purifier par chromatographic AcOEt 
1/Hexane 4 puis AcOEt 1/Hexane 1). Triturer dans 3 mL d'Et 2 0. Filtrer. Laver 
avec 2 fois 3 mL de pentane. Rdt : 57%. 'H-RMN (300 MHz, CDC1 3 ) : 5 3,54- 
3,65 (m, 2H, CH 2 ), 3,77 (s, 3H, CH 3 ), 4,02 (s, 3H, CH 3 ), 6,80 (s, 1H Ar), 6,82 (s, 
1H Ar), 7,42-7,50 (m, 3H Ar), 7,68-7,70 (m, 2H Ar). 

15 

4-chloro-l-(3-chloroph6nyl)-7,8-dimethoxy-5/T-2^-benzodiazepine Vb. 

En remplacant dans l'exemple Va la 7,8-dimemoxy-l-phenyl-3,5-dmyclro-4/i r - 
2,3-benzodiazepin-4-one IVa par la l-(3-chlorophenyl)-7,8-dimethoxy-3,5- 
20 dihydro-4//-2,3-benzodiaz6pin-4-one IVd on obtient de la meme maniere le 
produit titre. 

2.2. Synthese des Produits de Formule (I) 

25 Les composes suivants ont ete synthetises : 

4-«-butyl-7,8-dimethoxy- 1 -ph6nyl-5//-2,3-benzodiazepine la. 
7,8-dimethoxy-4-methylamino- 1 -phenyl-5/f-2,3-benzodiazepine lb. 
7,8-dimethoxy- 1 -phenyl-4-(pyrrolidin- 1 -yl)-5#-2,3-benzodiazepine Ic. 
30 l-(3-cmorophenyl)-7,8-dimethoxy-4-methyl-5/f-2,3-benzodiazepine Id. 
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7,8-dimethoxy-4-(iV;A^dim6thylamino)- 1 -phenyl-5#-2,3 -benzodiazepine Ie. 

7,8-dimethoxy-l-phenyl-4-propylamino-5//-2,3-benzodiaz6pineIf. 

7,8-dimethoxy-4-(l-morpholino)- 1 -phenyl-5i/-2,3-benzodiazepine Ig. 

4-(2-hydroxyethylamino)-7,8-dimethoxy- 1 -phenyl-5/f-2,3 -benzodiazepine Ih. 
5 7,8-dimethoxy-4-( 1 -heptynyl)- 1 -phenyl-5#-2,3-benzodiazepine Iz. 

7,8-dimethoxy-l-phenyl-4-(prop-l-ynyl)-5/f-2,3-benzodiazepine Ii. 

7,8-dimethoxy- l-phenyl-4-«-propyl-5/f-2,3-benzodiazepine Ij. 

4,7,8-trimethoxy- 1 -phenyl-5/f-2,3-benzodiazepine II. 

7,8-dimethoxy-4-methyl-l -phenyl-5i/-2,3-benzodiazepine Im. 
1 0 7,8-dimethoxy-4-(4-m6thylphenyl)- 1 -phenyl-5H-2,3-benzodiazepine In. 

4-«-butyl-7,8-dim6thoxy-l-phenyI-5//-2^-benzodiazepine la. 

Ajouter sous atmosphere inerte et a -78°C a une solution de 150 mg (0,48 
15 mmole) de 4-chloro-7,8-dimethoxy-l-phenyl-5//-2,3-benzodiazepine Va dans 7 
mL de THF anhydre, 360 pL de n-BuLi 1,6M dans le THF. Laisser revenir a 
temperature ambiante. Apres 5 minutes ajouter 3 gouttes d'AcOH. Evaporer a 
sec. Purifier par chromatographic sur silice (AcOEt 1/Hexane 1). Recristalliser 
dans CH 2 Cl 2 /pentane. On obtient 133 mg de cristaux incolores. Rdt : 83%. F : 
20 140-142°C. 'H-RMN (300 MHz, CDC1 3 ) : 5 0,91 (t, J = 7,33, 3H, CH 3 ), 1,23-1,37 
(m, 2H, CH 2 CH 3 ), 1,57-1,69 (m, 2H, CH 2 CH 2 CH 3 ), 2,42-2,48 (m, 2H, 
CH 2 (CH 2 ) 2 CH 3 ), 3,16 (systeme AB, 6 = 0,32, J AB = 12,4, 2H, CH 2 ), 3,73 (s, 3H, 
CH 3 ), 3,98 (s, 3H, CH 3 ), 6,74 (s, 1H Ar), 6,81 (s, 1H Ar), 7,40-7,46 (m, 3H Ar), 
7,71-7,74 (m,2HAr). 

25 

7,8-dimethoxy-4-m^thylamino-l-phenyl-5/f-2,3-benzodiaz6pineIb. 

Laisser sous agitation a temperature ambiante pendant 12 heures, un melange de 
50 mg (0,159 mmole) de 4-cmoro-7,8-dim6thoxy-l-phenyl-5^-2,3- 
30 benzodiazepine Va, 2 mL (2 mmoles) de methylamine 1M dans le THF et de 8 
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mL d'EtOH. Evaporer a sec. Ajouter 10 mL d'une solution saturee de NaHC0 3 et 
20 mL d'H 2 0 et extraire 3 fois avec 20 mL d'AcOEt. Secher les fractions 
organiques sur Na 2 S0 4 . Evaporer a sec. Recristalliser dans EtOH/Et 2 0. Rdt : 89 
%. F : 212-215°C. 'H-RMN (200 MHz, CDC1 3 ) : 6 2,87 (s, 3H, CH 3 ), 3,02-3,29 
5 (m, 2H, CH 2 ), 3,73 (s, 3H, CH 3 ), 3,96 (s, 3H, CH 3 ), 6,68 (s, 1H Ar), 6,78 (s, 1H 
Ar), 7,35-7,41 (m, 3H Ar), 7,68-7,74 (m, 2H Ar). 

7,8-dim^thoxy-l-phenyl-4-(pyrrolidin-l-yl)-5/ir-2^-beiizodiazepine Ic. 

10 En remplacant dans 1 'exemple lb la methylamine par la pyrrolidine, on obtient 
de la mime maniere le produit titre. Rdt : 67%. F : 228-230°C. 'H-RMN (200 
MHz, CDC1 3 ) : 5 1,89-1,97 (m, 4H, (CH 2 ) 2 ) pyrrolidine), 3,09-3,76 (m, 9H, 
N(CH 2 ) 2 ) pyrrolidine + CH 2 ), 3,73 (s, 3H, CH 3 ), 3,96 (s, 3H, CH 3 ), 6,76 (s, 1H 
Ar), 6,79 (s, 1H Ar), 7,35-7,39 (m, 3H Ar), 7,69-7,74 (m, 2H Ar). 

15 

l-(3-chlorophenyl)-7,8-dimethoxy-4-methyl- ; 5//-2 y 3-benzodiazepine, Id. 

En remplacant dans Texemple la la 4-chloro-7,8-dim6thoxy-l-phenyl-5^T-2,3- 
benzodiazepine Va par la 4-chloro-l-(3-cUorophenyl)-7,8-dimethoxy-5/i r -2,3- 
20 benzodiazepine Vb et en remplacant le «-BuLi par le MeLi on obtient de la meme 
maniere le produit titre. (girisopam) 

7,8-dim6thoxy-4-(A^,iV-dim6thylamino)-l-phenyl-5/r-2,3-benzodiazepine le. 

25 En remplacant dans 1 'exemple lb la methylamine par la dimethylamine, on 
obtient de la meme maniere le produit titre. Rdt : 88%. F : 182-184°C. 1 H-RMN 
(200 MHz, CDC1 3 ) : 5 3,06 (s, 6H, N(CH 3 ) 2 ), 3,38 (systeme AB, 8 = 0,79, J AB = 
8,8, 2H, CH 2 ), 3,75 (s, 3H, CH 3 ), 3,97 (s, 3H, CH 3 ), 6,76 (s, 1H Ar), 6,81 (s, 1H 
Ar), 7,38-7,40 (m, 3H Ar), 7,71-7,75 (m, 2H Ar). 
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7,8-dimethoxy-l-phenyl-4-propylamino-5/T-23-benzodiazepine If. 



En rempla9ant dans 1 'exemple lb la methylamine par la ^-propylamine, on 
obtient de la meme maniere le produit titre. Rdt : 76%. F : 202-204°C. 

5 

7,8-dim6thoxy-4-(l-morpholino)-l-ph6nyl-5/T-2,3-benzodiazepine Ig. 

En remplacant dans 1 'exemple lb la methylamine par la morpholine, on obtient 
de la meme maniere le produit titre. Rdt : 87%. F : 200-202°C. 'H-RMN (200 
10 MHz, CDC1 3 ) : 8 3,32 (systeme AB, 8 = 0,67, J AB = 13,4, 2H, CH 2 ), 3,34-3,56 
(m, 4H, 2 x CH 2 ), 3,72-3,76 (m, 7H, 2 x CH 2 + CH 3 ), 3,97 (s, 3H, CH 3 ), 6,69 (s, 
1H Ar), 6,81 (s, 1H Ar), 7,38-7,41 (m, 3H Ar), 7,70-7,73 (m, 2H Ar). 

4-(2-hydroxy6thylamino)-7,8-dimethoxy-l-phenyl-5/T-2,3-benzodiaz6pine Ih. 

15 

En remplacant dans 1 'exemple lb la methylamine par la 2-hydroxy6thylamine, on 
obtient de la meme maniere le produit titre. Rdt : 76%. F : 21 1-213°C. 'H-RMN 
(300 MHz, CDC1 3 ) : 8 3,18 (systeme AB, 8 = 0,17, J AB = 12,8, 2H, CH 2 ), 3,36- 
3,57 (m, 2H, CH 2 ), 3,76-3,80 (m, 5H, CH 2 + CH 3 ), 3,93 (s, 3H, CH 3 ), 6,62 (s, 1H 
20 Ar), 6,75 (s, 1H Ar), 7,39-7,4 1 (m, 3H Ar), 7,66-7,69 (m, 2H Ar). 

7,8-dimethoxy-4-(l-heptynyl)-l-ph6nyl-5/T-2,3-benzodiazepine Iz. 

Laisser sous agitation a temperature ambiante pendant 2 heures un melange de 
25 lOOmg (0,318 mmole) de 4-chloro-7,8-dimethoxy-l-ph6nyl-5//-2,3- 
benzodiazSpine Va, 12 mg de Cul, 7 mg de PdCl 2 , 23 mg de triphenylphosphine, 
1 mL de triethylamine, 300 uL de 1-heptyne dans 4 mL de CH 3 CN. Evaporer a 
sec. Purifier par chromatographic (AcOEt 1/Hexane 4 puis AcOEt 1/Hexane 2). 
On obtient 344 mg d'une huile jaune qui cristallise lentement. Rdt : 92%. F : 
30 38°C. 1 H-RMN (300 MHz, CDC1 3 ) : 8 0,92 (t, J = 7,02, 3H, CH 3 ), 1,31-1,47 (m, 
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4H, (CH 2 ) 2 ), 1,55-1,64 (m, 2H, CH 2 ), 2,38 (t, J = 7,0, 2H, CH 2 ), 3,29 (systeme 
AB, 5 = 0,32, J AB = 12,5, 2H, CH 2 ), 3,75 (s, 3H, CH 3 ), 3,99 (s, 3H, CH 3 ), 6,79 
(s, 1H Ar), 6,80 (s, 1H Ar), 7,39-7,46 (m, 3H Ar), 7,69-7,71 (m, 2H Ar). 

5 7,8-dim^thoxy-l-ph^nyl-4-(prop-l-ynyl)-5/T-2,3-benzodiaz6pineIi. 

En remplacant dans l'exemple Iz le 1-heptyne par du 1-propyne condense a - 
78°C dans un tube scelle, on obtient de la meme maniere le produit titre. Rdt : 
72%. F : 139-141°C. 'H-RMN (300 MHz, CDC1 3 ) : 5 2,04 (s, 3H, CH 3 C C), 3,29 
10 (systeme AB, 5 = 0,33, J AB = 12,5, 2H, CH 2 ), 3,75 (s, 3H, CH 3 ), 4,00 (s, 3H, 
. CH 3 ), 6,80 (s, 2H Ar), 7,40-7,46 (m, 3H Ar), 7,69-7,72 (m, 2H Ar). 

7,8-dim^thoxy-l-phenyl-4-/i-propyl-5fl-2 y 3-benzodiaz6pineIj. 

15 Hydrogener a temperature ambiante et sous pression atmospherique pendant 4 
heures 70 mg (0,22 mmole) de 7,8-dimethoxy-l-phenyl-4-(prop-l-ynyl)-5//-2,3- 
benzodiazepine Ii dans 10 mL de MeOH en presence de 30 mg de Pd/C. Evaporer 
a sec. Purifier par chromatographic sur silice (AcOEt 1/Hexane 1). Recristalliser 
dans CH 2 Cl 2 /pentane. On obtient 57 mg de produit titre sous forme de cristaux 

20 incolores. Rdt : 81%. F : 129-133°C. 'H-RMN (200 MHz, CDC1 3 ) : 6 0,91 (t, J = 
7,33, 3H, CH 3 ), 1,59-1,75 (m, 2H, CH 2 CH 3 ), 2,38-2,46 (m, 2H, CH 2 CH 2 CH 3 ), 
3,15 (systeme AB, 5 = 0,33, J AB = 12,5, 2H, CH 2 ), 3,75 (s, 3H, CH 3 ), 3,98 (s, 
3H, CH 3 ), 6,73 (s, 1H Ar), 6,80 (s, 1H Ar), 7,40-7,44 (m, 3H Ar), 7,69-7,74 (m, 
2H Ar). 

25 

4,7,8-trimethoxy-l-phenyl-5/y-2,3-benzodiazepine II. 

Laisser a temperature ambiante et sous atmosphere inerte une solution de 100 mg 
(0,318 mmole) de 4-chloro-7,8-dimethoxy-l-phenyl-57/-2,3-benzodiazepine Va 
30 dans 10 mL de MeOH. Evaporer a sec. Ajouter 10 mL d'une solution saturee de 
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NaHC0 3 et 10 mL d'H 2 0. Extraire 2 fois avec 20 mL d'AcOEt. S6cher les 
fractions organiques sur Na 2 S0 4 . Recristalliser dans Et 2 0. Rdt : 73%. 'H-RMN 
(200 MHz, CDC1 3 ) : 6 3,23 (systeme AB, 5 = 0,13, J AB = 13,1, 2H, CH 2 ), 3,74 
(s, 3H, OCH 3 ), 3,80 (s, 3H, OCH 3 ), 3,98 (s, 3H, OCH 3 ), 6,77 (s, 2H Ar), 7,40- 
5 7,44 (m, 3H Ar), 7,68-7,72 (m, 2H Ar). 

7,8-dimethoxy-4-methyl-l-ph6nyl-5/T-2,3-benzodiazepine Im. 

En remplacant dans l'exemple la le «-BuLi par le MeLi on obtient de la meme 
10 maniere le produit titre. Rdt : 67%. F : 144-146°C. 'H-RMN (200 MHz, CDC1 3 ) : 
8 2,20 (s, 3H, CH 3 ), 3,19 (systeme AB, A8 = 0,24, J AB = 12,2, CH 2 ), 3,78 (s, 3H, 
CH 3 ), 4,02 (s, 3H, CH 3 ), 6,78 (s, 1H Ar), 6,84 (s, 1H Ar), 7,42-7,48 (m, 3H Ar), 
7,73-7,78 (m, 2H Ar). 

1 5 7,8-dimethoxy-4-(4-m6thylph6nyl)-l-phenyl-5H-2 y 3-benzodiaz6pine In. 

Chauffer a 105 °C sous atmosphere inerte pendant 16 heures un melange de 200 
mg (0,64 mmole) de 4-chloro-7,8-dimethoxy-l-phenyl-5^T-2,3-benzodiazepine 
Va, de lOOmg (0,74 mmole) d'acide 4-methylbenzene boronique, de 152 mg 

20 (0,72 mmole) de K3PO4 et de 23 mg de /e/ra£w-triphenylphospliine palladium (0) 
dans 5 mL de DMF. Ajouter 30 mL d'H 2 0 et extraire 3 fois avec 30 mL 
d' AcOEt. Secher les fractions organiques sur Na 2 S0 4 . Evaporer a sec. Purifier par 
chromatographic (AcOEt 1 / Hexane 1). Rdt : 23%. 'H-RMN (300 MHz, CDC1 3 ) 
: 5 2,40 (s, 3H, CH 3 ), 3,61 (systeme AB, A8 = 0,91, J AB = 12,8, CH 2 ), 3,74 (s, 3H, 

25 CH 3 ), 3,98 (t, J = 7,91, 3H, CH 3 ), 6,84 (s, 2H Ar), 6,84 (s, 1H Ar), 7,16-7,79 (m, 
9H Ar). 

EXEMPLE 3: SYNTHESE DE COMPOSES DE FORMULE I DANS 
LAQUELLE R4 EST UN GROUPE SH 



WO 02/088096 PCT/FR02/01428 

38 

4-mercapto-7,8-dimethoxy-l-phenyl-5/T-2,3-benzodiazepine,Io 

Chauffer a reflux pendant 12 heures un melange de 80 mg (0,27 mmole) de 7,8- 
dimemoxy-l-phenyl-3,5-dihydro-4iy-2,3-benzodiazepin-4-one IVa, 60 mg de 

5 reactif de Lawesson dans 15 mL de toluene anhydre. Laisser revenir a 
temperature ambiante. Evaporer a sec. Purifier par chromatographic (AcOEt / 
Hexane 1/4 puis 1/1). Recristalliser dans AcOEt. Rdt : 69%. F : 166-168°C. 'H- 
RMN (200 MHz, CDC1 3 ) : 8 3,71 (s, 3H, CH 3 ), 3,89 (s, 2H, CH 2 ), 3,89 (s, 3H, 
CH 3 ), 6,63 (s, 1H At), 6,88 (s, 1H Ar), 7,43-7,66 (m, 5H Ar), 10,15 (s, 1H 

10 echangeable, NH). 

EXEMPLE 4 : ACTIVITE PHARMACOLOGIQUE: INHIBITION DES 
PHOSPHODIESTERASES. 



15 4.1. Isolement des phosphodiesterases du muscle lisse 



Un segment de 3 g de m&lia d'aorte bovine fragmente a l'aide de ciseaux a ete 
homogeneise a Faide d'un ultra-turrax puis d'un potter verre-verre dans 7 
volumes/poids de tampon A contenant un cocktail d'inhibiteurs de proteases (20 

20 mM Tris-HCl, 0,25 M saccharose, 2mM acetate de Mg, ImM dithiothreitol, 5mM 
EGTA, 2000 U/ml aprotinine, 10 mg/1 leupeptine et 10 mg/1 d'inhibiteur 
trypsique de soja). L'homogenat a ete centrifuge pendant lh a 105000 g. Le 
surnageant a et6 depose sur une colonne de DEAE-Sephacel (15 X 1,6 cm), pre- 
equilibree avec le tampon B (tampon A depourvu de saccharose, d'EGTA et 

25 d'inhibiteurs de proteases). La colonne a ete lavee jusqu'a ce qu'aucune 
absorption ne puisse etre detectee a 280 nm, puis 61uee avec un gradient lineaire 
en NaCl (0-0,5M) dans le tampon B. Des fractions de 3ml ont ete recueillies et les 
activites enzymatiques ont et6 determin6es suivant les conditions d6crites ci- 
dessous pour localiser les differentes PDE1, PDE3, PDE4 et PDE5 qui ont ete 

30 aliquotees et congelees a -80°C (Lugnier et col., Biochem. Phamacol., 35 (1986) 
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1746-1751). La PDE2 a ete preparee les memes techniques a partir des cellules 
endotheliales bovines (Lugnier et Schini, Biochem. Pharmacol. 1990, 39 ; 75-84). 

4.2. Protocole de mesure des Activitfo phosphodiesterasiques 

5 

L'activite de la phosphodiesterase des nucleotides cycliques a ete determinee a 
Taide d'une methode radioenzymatique en utilisant de TAMP ou du GMP 
cyclique tritie (luM) comme substrat (Lugnier et col., 1986). L'adenosine ou le 
guanosine monophosphate tritie forme par hydrolyse du nucleotide cyclique 

10 marque a ete, dans une seconde incubation avec une nucleotidase en exces, 
transforme en adenosine ou guanosine tritie. Le nucleoside forme a ete s£par6 
des nucleotides par chromatographic sur une resine echangeuse d'anions. La 
radioactivite du nucleoside a ete detenriinee par scintillation liquide. Les 
incubations enzymatiques ont ete effectuees dans les conditions ou il n'y a pas 

1 5 plus de 1 5% d'hydrolyse du substrat, chaque point etant en fait en double. 

4.2.1. Determination de rinhibition de la PDE4. 

La concentration de substance qui inhibe de 50% l'activite enzymatique (CI 5 o) a 
20 l^M d'AMP cyclique a ete calculee par regression non lineaire (Prism, 
GraphPad). 

4.2.2. Selectivite 

25 Une Evaluation de Factivit6 des composes a ete effectuee sur d'autres isoformes 
de phosphodiesterases, notamment la PDE1 du muscle lisse vasculaire a l'etat 
basal ou active par la calmoduline, la PDE2 des cellules endotheliales vasculaires 
a l'etat basal ou active par le GMP cyclique, la PDE3 et la PDE5 du muscle lisse 
vasculaire. 
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Les resultats obtenus sont presenter dans les Tableaux 1-3 ci-apres, ou les 
% represented le % d'inhibition de l'activite enzymatique produit par 10 umoles 
de la molecule testee. 

Tableau 1 



Composes de formule generate (T) 
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Tableau 2 

Composes de formule generate (I), R5' = H 





PDE4 CUn (uM) ou 
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Tableau 3 

Selectivite 



10 





CI50OU pourcentage 
d'inhibition a 10pM 


Nom 


PDE1 


PDE2 


PDE3 


PDE4 


PDE5 
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15 L'ensemble des composes testes montre une forte activite inhibitrice de 

PDE4. Les molecules prefSrees selon Tinvention presentent un excellent profil de 
puissance et de selectivite vis-a-vis de la phosphodiesterase 4, dans la mesure ou 
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ces composes inhibent de maniere plus faible les autres PDE, notamment la 
PDE3. 

5 EXEMPLE 5: PROPRIETES ANTI-INFLAMMATOIRES DES 
COMPOSES DE L'INVENTION 

Des composes selon Tinvention ont ete evalu£s pour leurs proprietes anti- 
inflammatoires sur des cellules mononucieees de sang veineux de donneurs sains 

10 (n=4), selon le protocole approuvS par le CCPPRB d' Alsace n° 1. Plus 
particulierement, les cellules ont ete incubees durant 24 heures (plaque de 24 
puits) en presence de la molecule testee, apres activation par du 
Lipopolysaccharide (LPS) de Salmonella Abortis Equi (5jig/ml) et par de la 
Phytohemagglutinine (PHA, l^g/ml) (Cf De Groote et al., Cytokine 4, 1992, 

15 239). Apres incubation, les concentrations de TNFa ont ete mesurees dans les 
surnageants de culture par methode ELISA (Antibody Solutions, Half Moon Bay, 
CA, USA). 

Les resultats observes montrent une inhibition marquee de maniere dose- 
20 dependante de la production de TNFa et uniquement celui-ci (par rapport a 
TILlp, IL6 et IL8 qui ne sont pas significativement diminuees) par les composes 
testes. Par exemple, le compose IVs ram&ne le taux de TNFa dose au taux basal 
apres activation des cellules et ceci des l^iM. 
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REVENDICATIONS 
1. Utilisation de composes de formule generate (I) ou (F) 



5 




dans lesquelles : 

. Ri est un groupe (C r C 6 ) alkyle, (C 3 -C 6 ) cycloalkyle, (C 6 -Ci 8 ) aryle, (C 6 - 
1 0 C l8 )aryle(C r C 4 )alkyle, (C r C 6 )alkyle(C 6 -C 18 )aryle, (C 5 -C l8 ) heteroaryle 
comportant 1 a 3 heteroatomes, ou un groupe OR 2 , SR 2 ou NR2R3 dans lequel (i) 
R 2 et R 3 , independamment Fun de l'autre, sont choisis parmi un atome 
d'hydrogene, un groupe (C r C 6 ) alkyle, (C 3 -C 6 ) cycloalkyle (C 6 -C, 2 ) aryle, (C 5 - 
C 12 ) heteroaryle comportant 1 a 3 heteroatomes ou (ii) R 2 et R 3 forment ensemble 
15 une chaine hydrocarbonee lineaire ou ramifiee ayant de 2 a 6 atomes de carbone, 
comportant eventuellement une ou plusieurs doubles liaisons et/ou 
eventuellement interrompue par un atome d'oxygene, de soufre ou d'azote ; 

, R4 est un atome d'halogene ou un groupe (C\-Ce) alkyle, (C 2 -C 6 ) alkenyle, (C 2 - 
20 C 6 ) alkynyle, phenyle ou un groupe OR 2 , SR 2 ou NR 2 R 3 dans lequel R 2 et R 3 sont 
tels que definis ci-dessus ; 

. R 5 et R 5 \ independamment Tun de Fautre, sont choisis parmi un atome 
d'hydrogene, un groupe (C r C 6 ) alkyle, un groupe phenyle, un groupe phenyle 
25 substitue ou un groupe (C r C 6 )alkylphenyle, substitue ou non, ou, R 5 et R 5 ' 
forment ensemble une chaine hydrocarbonee lineaire ou ramiftee ayant de 2 a 6 
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atomes de carbone, comportant eventuellement une ou plusieurs doubles liaisons 
et/ou eventuellement interrompue par un atome d'oxygene, de soufre ou d'azote ; 

. R 7 et R 8 , independamment Tun de Fautre, sont choisis parmi un atome 
5 d'hydrogene et un groupe OR 2 , R2 etant tel que defini ci-avant, 

les groupes alkyle, cycloalkyle, aryle, heteroaryle, alkenyle , alkynyle et la chaine 
hydrocarbonee d6finie ci-dessus etant eventuellement substitues par un ou 
plusieurs substituants, identiques ou differents, choisis de preference parmi un 
10 atome d'halogene, un groupe OH, =0, N0 2 , NH 2 , CN, COOH, CF 3 , un groupe 
(C1-C6) alkoxy et un groupe NHCOR 2 ou CONR 2 R 3 , dans lequel et R 2 et R 3 
sont tels que definis ci-avant, 

pour la preparation d'une composition pharmaceutique destinee a Finhibition 
15 d'une phosphodiesterase des nucleotides cycliques, notamment de la 
phosphodiesterase 4 (PDE4). 

2. Compose de formule generate (I) ou (F) telle que d^finie dans la revendication 
1, dans laquelle R4, R 5> R 5 », R 7 et R 8 sont tels que definis a la revendication 1 et 

20 Ri est un groupe (C r C 6 ) alkyle, (C 3 -C 6 ) cycloalkyle, (Ci-C 6 )alkyle(C 6 -Ci 8 )aryle, 
(C 5 -Ci 8 ) heteroaryle comportant 1 a 3 heteroatomes, ou un groupe OR 2 , SR 2 ou 
NR 2 R 3 dans lequel (i) R 2 et R 3 , independamment Tun de F autre, sont choisis 
parmi un atome d'hydrogene, un groupe (C r C 6 ) alkyle, (C 3 -C 6 ) cycloalkyle (C 6 - 
Ci 2 ) aryle, (C 5 -C| 2 ) heteroaryle comportant 1 a 3 heteroatomes ou (ii) R 2 et R 3 

25 forment ensemble une chaine hydrocarbonee lineaire ou ramifiee ayant de 2 a 6 
atomes de carbone, comportant eventuellement une ou plusieurs doubles liaisons 
et/ou eventuellement interrompue par un atome d'oxygene, de soufre ou d'azote. 

3. Compose de formule generate (I) ou (F) 
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dans laquelle R u R4, R5, Rss R7 et R 8 sont tels que definis a la revendication 1, a 
l'exclusion des composes de formule (I) dans laquelle R 5 represente un radical 
5 (C r C 6 ) alkyle ou phenyl substitue et K y represente un atome d'hydrogene et a 
l'exclusion des composes de formule (I) dans laquelle R 5 et R 5 > represented 
simultanement un atome d'hydrogene, notamment lorsque R 7 et Rg representent 
un groupe m6thoxy et Ri represente un groupe di6thoxyph6nyle ou 3- 
chlorophenyle. 

10 

4. Compose de formule generale (I) ou (F) 




15 dans laquelle R4, R 5 , R' 5 , R 7 et R 8 sont tels que definis a la revendication 1 et Rj 
est un groupe heteroaryle. 

5. Compose de formule generate (I) ou (P) 
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dans laquelle K u R4, R5 et R' 5 sont tels que definis a la revendication 1 et R 7 et R 8 
representent un groupe ethoxy, k r exception du compose l-(2-chlorophenyl)-4- 
methyl-7,8-di6thoxy-5//-2,3^benzodiazepine. 

5 

6. Compose selon la revendication 5 de formule (I) dans laquelle R4 et R5 
representent un atome d'hydrog&ie ou un radical (C1-C6) alkyle, R4 et R5 
n'etant pas simultanement un atome d'hydrogene, R5 representant de preference 
un radical (C1-C6) alkyle. 

10 

7. Compose de formule gen6rale (I) 




15 dans laquelle Ri, R 5) R' 5 , R 7 et R 8 sont tels que definis a la revendication 1 et R4 
est un atome d'halogene, (C 2 -C6) alk^nyle, (C 2 -C 6 ) alkynyle, phenyle ou un 
groupe OR 2 , SR 2 ou NR 2 R 3 dans lequel R 2 et R 3 sont tels que definis dans la 
revendication 1 . 

20 8. Compose de formule generale (I) ou (T) 




1 
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dans laquelle R4, R 5 , R' 5 , R 7 et Rg sont tels que deTmis a la revendication 1 et Ri 
est (i) un groupe (C r C 6 ) alkyle, (C 3 -C 6 ) cycloalkyle, (C5-C12) heteroaryle 
comportant 1 a 3 heteroatomes, ou (ii) un groupe OR 2 , SR 2 ou NR 2 R 3 dans lequel 
R 2 et R3 sont tels que d6finis dans la revendication 1 . 

5 

9. Compos6 de formule generale (I) tel que d6fini dans la revendication 1, 
caracterise en ce que R4 est choisi parmi un atome d'halogene de preference 
chlore, un groupe (C 2 -C 6 ) alkynyle, et un groupe NR 2 R 3 dans lequel (i) R 2 et R 3 
independamment Tun de l'autre, sont choisis parmi un atome d'hydrogene, un 

10 groupe (Ci-C 6 ) alkyle, (Q-Q) hydroxyalkyle ou (ii) R 2 et R 3 forment ensemble 
une chaine de formule -(CH 2 ) m -(0) n -(CH 2 ) 2 - dans laquelle m est un nombre entier 
de 2 a 3 et n est 6gal k 0 ou 1. 

10. Compose de formule generale (I) tel que defini dans la revendication 1, 
caracterise en ce que R4 represente le groupe NR 2 R 3 dans lequel (i) R 2 represente 
un atome d'hydrogene et R 3 est choisi parmi un groupe (C r C6) alkyle et (Cj-C 6 ) 
hydroxyalkyle ou (ii) R 2 et R 3 forment ensemble une chaine de formule (CH 2 ) m - 
(0) n -(CH 2 ) 2 dans laquelle m est un nombre entier de 2 a 3, de pr6ference egal a 2, 
et n est egal a 0 ou 1. 

11. Compose de formule generale (P) telle que deTmie dans la revendication 1, 
caracteris6 en ce que R, est un groupe phenyle substitue ou un groupe naphtyle 
eventuellement substitu^. 

25 12. Compost de formule generale (I) selon la revendication 1, caracterise en ce 
que R| est un groupe phenyle non substitu6, R4 est un halog£ne, un groupe (C 2 - 
C 6 ) alkyle, (C 2 -C 6 ) alkynyle, ou un groupe NR 2 R 3 dans lequel (i) R 2 et R 3 , 
independamment Tun de l'autre, sont choisis parmi un atome d'hydrogene ou un 



15 



20 
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groupe (C r C 6 ) alkyle ou (ii) R 2 et R 3 forment ensemble un groupe (CH 2 )„, n etant 
un entier compris entre 3 et 6 inclus ou un groupe (CH 2 )20(CH 2 )2, Rs et R 5 ' sont 
un atome d'hydrogene et R 7 et R 8 representent un groupe OMe. 

5 13. Compose de formule generate (I) ou (I') 




dans laquelle R, est un groupe heteroaryle, R 7 et Rg representent un groupe 
1 0 ethoxy, et R4, R 5 et R' 5 sont tels que definis a la revendication 1 . 

14. Compose selon la revendication 13, caracterise en ce que R4 est un groupe 
(Ci-C 3 )alkyle, R 5 est un atome d'hydrogene ou un groupe (Ci-C 3 )alkyle, et R 5 ' est 
un atome d'hydrogene. 

15 

15. Compose selon Tune des revendications 2 a 14 choisi parmi les composes 
suivants : 

-7,8-dimethoxy- 1 -(2-naphthyl)-3 ,5-dihydro-4// : -2,3-benzodiazepin-4-one > 
- 1 -(4-chlorophenyl)-7,8-dimethoxy-3 ,5-dihydro-4^T-2,3-benzodiazepin-4-one, 

20 -7 s 8-dimethoxy-l-(4-phenylphenyl)-3,5-dihydro-4i/-2,3-benzodiazepin-4-one, 
-l-(5-cUoro-2-naphtyl)-7,8-dim6thoxy-3,5-dihydro-4//-2,3-benzodiazepin-4-one, 
-l-(2-benzo[b]tWenyl)-7,8-dimethoxy-3,5-dihydro-4//-2,3-benzodiazepin-4-one, 
-l-(3-chlorophenyl)-7,8-diethoxy-3,5-dihydro-4/f-2,3-benzodiazepin-4-one, 
-l-(benzo[b]tmenyl)-7,8-diemoxy-5-e%l-3,5-(miydro-4//-2,3-benzooUa^ 

25 one, 

-7,8-dimemoxy-l-(3-ph6nylphenyl)-3,5-dihydro-4fl r -2,3-benzodiazepin-4-one, 
- 1 -(benzo[b]tluenyl)-7,8-diemoxy-5-e^^ 
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- 1 -(benzo[b]thienyl)-7,8-diethoxy-4-^ 

l-(2-benzo[b]tM6ny^^ 

benzodiazepin-4-one, 

1 -(cinnamyl)-7,8-diethoxy-5-ethyl-3 ,5-dihydro-4#-23-benzodiazepin-4-one 
5 7,8-diethoxy-5-ethyl- 1 -(2-fluorophenyl)0 5 5«dihydro-4i/-2,3-benzodiazepin-4- 
one 

l-(2-chlorophenyl)-7,8-cti6tto^ 
one 

7,8-diethoxy-5-ethyl-l -(2-hydroxyphenyl)-3 ,5-dihydro-4//-2,3-benzodiaz6pin-4- 
10 one 

7,8-diethoxy-5-ethyl- 1 -(2-methoxyphenyl)-3 ,5-dihydro-4//-2,3-benzodiazepin-4- 
one 

l-(24>enzo[b]thienyl)-73-dietto^ 
l-(ciimamyl)-73-diethoxy-5-6thyl^ 
1 5 7,8-diethoxy-5-ethyl- 1 -(2-fluoroph6nyl)-4-methyl-5i/-2,3-benzodiaz6pine 
l-(2-cWorophenyl)-7,8-diethoxy-5^ 

7,8-diethoxy-5-ethyl- 1 -(2-hydroxyphenyl)-4-methyl-5// : -2,3-benzodiazepine 
7,8-diethoxy-5-ethyl- 1 -(2-methoxyphenyl)-4-methyl-57/-2 > 3-ben2odiazepine 
ainsi que leurs sels. 

20 

16. Composition comprenant un compose selon Tune des revendications 2 a 15 et 
un vehicule ou un excipient acceptable sur le plan pharmaceutique. 

17. Utilisation d'un compose selon Tune des revendications 2 a 15 pour la 
25 preparation d'un medicament destin6 au traitement d'une pathologie du systeme 

nerveux central. 

18. Utilisation d'un compose selon Tune des revendications 2 k 15 pour la 
preparation d'un medicament destine au traitement de la neuro-inflammation. 

30 
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19. Utilisation d'un compose selon Tune des revendications 2 a 15 pour la 
preparation d'un m6dicament destine au traitement de la depression. 

20. Procede de preparation d'un compose selon l'une des revendications 1 a 15, 
5 comprenant la reaction d'un compose de formule (I) dans laquelle R4 est un 

atome de chlore avec : 

- lorsque R4 est un groupe NR2R3 ,un compose de formule HNR3R4, dans 
un solvant protique a temperature ambiante ; 

- lorsque R4 est un groupe (C r C 6 ) alkyle, un compose de formule R4U, dans 
10 un solvant anhydre a une temperature comprise entre -20 et -80 °C ; 

- lorsque R4 est un groupe (C r C 6 ) alkenyle, un compose de formule 1- 
alkenylcatecholborane, en presence d'un catalyseur au palladium, dans un 
solvant de type acetonitrile, a temperature comprise entre 50 et 80°C; 

- lorsque R» dans la formule du produit final est un groupe (Ci-C 6 ) alkyn-1- 
15 yle, par reaction avec un compose de formule R4H en presence d'iodure de 

cuivre, de chlorure de palladium, de triphenyl phosphine et d'une base ; 

- lorsque R4 dans la formule du produit final est un groupe (C 6 -Ci 2 ) aryle, 
par reaction avec un compose de formule R4B(OH) 2 , de phosphate de 
potassium et de *e*ra£w-(triphenylphosphine)Pd(0), a une temperature 

20 comprise entre 80 et 120 °C, de preference aux environs de 100°C ; 

- lorsque R4 dans la formule du produit final est un groupe OR 2 , par reaction 
avec un alcool de formule HOR 2 a temperature ambiante ; 

- lorsque R4 dans la formule du produit final est un groupe SR 2 , par reaction 
avec un thiol de formule R4SH ; ou 

25 - lorsque R4 dans la formule du produit final est un groupe SH, en traitant 
les composes ou R4 est un groupe OH par le reactif de Lawesson. 

21. Procede de preparation d'un compose de formule (I) selon la revendication 1 
dans laquelle R4 represente un atome de chlore, comprenant la reaction d'un 

30 compose de formule (P) tel que defini dans la revendication 1 avec POCl 3 . 
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22. Procede de preparation d'un compose de formule generale (F) selon la 
revendication 1, comprenant les etapes suivantes : 
- reaction d' un compose de formule generale (II) 

5 




dans laquelle R 5 , R5', R7 et Rg sont tels que definis dans la revendication 1 et 
R9 represente un groupe alkyle en C1-C4, de pr6ference methyle, avec un 
10 compose comprenant un groupe acylant de formule RiCO pour obtenir un 
compose de formule (III) 




15 dans laquelle Ri, R 5 , R 5 ', R7 et R 8 sont tels que definis dans la revendicationl ; 
et 

- reaction du compos6 de formule (III) avec l'hydrazine pour obtenir un 
compose de formule (F) dans laquelle R|, R 5 , R 5 ', R7 et R 8 sont tels que definis 
20 dans la revendication 1 . 



